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TOEEWORD 



During die pest decide, countries throughout the world have evi- 
denced increasing interest in sdence education in the public sdiools. 
This report bjr die Office of Sdendfic Personnel of die Nadonal Academy 
of Sciences— <Nadooai Kesearch Council examines die general philosophy 
and principles of sdence education vnth particular reference to use of 
die laboratory, and offiers tiigg^docs for application of diese principles 
in the planning of sectmdary sdiool science programs bodi in the United 
States and in areas of the world less tedinologicaHy advanced. 

Recogniziog that no single set of equipment or specifications for 
facilities will serve all countries and all regions equally well, die report 
reviews die fundamental principles of program development and demon- 
strates the vital role of die laboratory in sttengdiening sdence teaching. 

It brings togedier die ideas of scientists who have visited Soudi 
and Soudieast Adan countries and of some who have been active iii 
programs revittlidog sdence educidon in die United States. 

An advisory committee was appointed, ooosisdog of: Randall M. 
Whaley, Wayne State Univecstty (Chairman); Hwld Coolidge, Nadonal 
Academy of Sdenoes— Natboal Resettch Council; Bendqr Glass, The 
Jdms Hopldos Univefstty; Robert B. Henze, Ametican Chemkal Sodeqr;^ 
William C Kelly, American Insdtute of Physks; EUtwordi S. Oboum, 
U. S. Office of Edncarion; and William A. Wildbadc, National Bureau of 
Staridatda. Chades L Kdelsclie, Uiuvetshy of (Georgia, ^)ettt several wedcs 
in Socrdi and Soudieast Aria m provide adiKtional bad^ixmnd information. 
Francti E Dar^ University of Oregon, and Robert C Stebbios, Univenlqr 
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of Califbmk at Bedceley, visited seven countries of Soadi and Sondieast 
Asia daring January aini February of 1965 to discuss a provisional draft 
of this rq^ vfidi scientists, sdenoe teadiers, and educational officials 
in diat area, wlu^ comments were most helpful in darifjdng a number 
of pQin8 in die manuscript Assistance in assembling and drafting some 
of the materials of the report was provided Ralph W. Lefler and Joseph 

D. Novak, bcdi of Purdue University. 

Hiis r^rt was prq)ared with die assistance dF a grant from the 
Ford Foundinion. 
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INTRODUCTION & SUMMARY 



M8king lecommendations for eduaitional change is a hazardous 
undertaking. Certain elements or procedures may be suggested, however, 
which should be considered in planning new programs or in organizing 
new materials and courses. Detailed prescriptions designed to meet specific 
objectives at a particular time and place am result ultimately from such 
an approach. Success will depend in part on a frank and objective appraisal 
of problems. Desirable long-range goals will have to be broken down 
into a series of realizable intermediate objectives reached by effective 
matching of resources and needs. It is within this broad framework that 
die present report has been developed. 

The report discusses the rationale for the laboratory as an integral 
and indispensable part of an effective course in science. This leads into 
a brief analysis of three basic elements to be considered in planning for 
the laboratory — ^namely, the student die teacher, and the fadlides and 
equipment Finally, reference is made to some of the major curriculum 
projects which have in the past few years made significant changes in 
secondary school science in the United States. Objectives of these projects, 
^camples of dieir work, and in pardcular their viewpoints and acdons 
concerning die laboratory are reviewed. 

The recommendadons include some that are general, and that should 
be applicable wherever improvement in laboratory instnicdon is sought 
From the various detailed recommendadons, the following were 
selected as basic elements in any plan for developing effeedve laboratory 
work as part of a science course. 

1. The teacher is avntral. Neither good equipment nor excellent 
fadlides will result in effeedve use of the laboratory if the teacher does 
not have an adequate understanding of the sdence and the essential role 
of the laboratory in sdence instnicdon. 

Extraordinary effort should be directed toward revitalizing the 
educadon of new teachers, and devising spedal aedvides to help present 
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teachers gain more insight into modem science and its dependence upon 
free inquiry exercised in laboratory work by students themselves. 

2. Planning for new courses and for laboratory facilities and equip- 
ment must include detailed and continual participation by professional 
scientists from outside the school sysmm. A successful course in science . 
should help students acquire a view of u._ence as an effective intellectual 
process of inquiry leading to a body of powerful and useful concepts. 
This cannot occur if the content and the approach do not reflea accurately 
both the current conmnt of science and the way in which scientists 
constantly enlarge and revise our store of knowledge. Collaboration of 
professional scientists, educators, and teachers is imperative in all phases 
of planning for course content laboratory facilities and equipment and 
programs for teacher education. 

3. Simple, well-designed, functional laboratory equipment may not 
be less expensive than complex appamtus, but it is always preferable. 

4. Administrative mechanisms, educational activities for teachers, and 
investment in largenjuantity manufacture of laboratory materials, should 
all reflea a fundamental decision that periodic reviews are essential. 
Saentisfs, science teachers, administrators, and educators should participrte 
in these reviews. Saence is perhaps the most dynamic of human endeavors. 
This must be acknowledged and reflected in the teaching of science. 
Flexibility to allow for pilot experiments, for new course materials, for 
use of various approaches to teaching should be built into the system. 

5. It is very importent to ensure that student examinat ions do not 
become an end in themselves. They should remain a means for main - 
ta ining m inimum standards and they should always allow enough flex- 
ibility to make experiment and improvement possible. Ideally, the exam- 
ination system should be so closely integrated with other aspects of teach- 
ing that it both provides for die experimental development of new content 
and new teaching methods and acts as an incentive toward adoption 
of tested improvements. Inflexible examinations tend to promote inflex- 
ibility in course content 

No single method should be relied upon to achieve the desired results. 
No particular sequence of steps will ensure success. Concurrent action for 
the improved tra^g of teachers, participation of scientists, selection of 
equipment^ flexibility of programs, and adjustments of syllabi and exam- 
inations should provide marked progress in science education. 

••• 
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I SCIENCE EDUCxmON AND THE 
SOLE OE THE LABORATORY 



Ae THE RATIONAI^ FOR 'IBE LABORATORY 

1 , The Purpose of the Laboratory 

We shall consider the laboratory pordon or a course in its funcdonal 
reladon to the course as a whole. Oat of fanctiba grows a description of 
what the laboratory should provide in equipment and fadiities — ^the 
open field where nature can be observed; the room equipped with 
apparatus for conducting experiments and testing observations. We trust 
that it will become clear diat the fiinctioa has far more significance than 
the practical application of the lessons learned. 

Alternative means, or preferably a combination of approaches, can 
be used to provide die student with opportunities for deepening his 
understanding of science dnough laboratory work. Experimentation may 
be conducted by individuals or groups of students, by demonstrations by 
die instructor, and in part by use of spedally prepared films, slides, or 
film strips. Primary attention in diis report will be directed to facilities and 
equipment intended for use by students diemselves, singly or in groups. 

One of the important functions of the laboratory is the deepening 
of a student’s understanding that scientific and technological concepts 
and applications are closely related to his own natural environment 

The laboratory in a science course is concerned with a combination 
of facilities and techniques diat will enable the student to observe natural 
phenomena with a discerning eye, to make measurements and analyze 
the data recorded, and to engage in free-ranging investigations that do 
not necessarily have a predetermined end. The v^ue of idiese ejqjerlences 
will in large measure depend upon tii?ir relevance to the other portions 
of the arorse of instruction, to tiie functions they serve in the course, 
and to the objectives set for the course as a whole. It should be emphasized 
that the laboratory is an integral part of the course of instiucrion, related 
inherentiy to class discussions ar.d text materials. Examinations should 
. test for understanding and competence develops in laboratory e^q^ri- 
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ments as 'well as for materials presented and discussed in other phases pf 
instrucdoG, 

2 . The Nature of Contemporary Sciewe 

Much of what has been justly crlddzed as inadequate or inappropriam 
instruction in science to^y, including laboratory work, results from a 
widespread misconception of die nature of science. Criticism of science 
education has been i^rous in recent years, with resulting massive pro- 
grams for revitalization. The diara^r of die changes under way in the 
United States, by way of example, and of die lecommendadons that are 
made later in this report can perhaps be better understood in the light of 
the significant evolution that has taken place in science' as a method of 
inquiry, while it has continued its growdi as a body of knowledge about 
Kfe processes, matter, and energy in our universe. ■ 

No longer die ^latively passive occupation of a' few individuals 
recording and classi^^g d’eir observations of nature, sdence has become 
a powerful process of inquiry, making possible the searching out^ 
identification, and solution of dhretse and complex problems. 

The nature of sdencte today is perha^ more sharply revealed if 
compared with its earlier phases. The great Greek philosophers were 
also systematic observers of natural phenomena. Unfortunately, die 
interpretations of nature stated by P.lato, Aristode, and odiers were accepted 
imconditionally in the Middle Ages as irrefutable law. Sdence Became 
merely an extended search for more absolute tmdis. Once arrived at, 
such absolute trudis were endowed widi an aura of authority which 
inhibited and even literally blcxdced free and searching inquiry for 
centuries. 

Not until the sixteentii century did die irrepressible curiosity and 
skepticism of Galileo make a break widi authoritarian sdence and open 
the flood gates to new experimentation. Newton, Priestley, Linnaeus, 
Darwin, Maxwell, and many others followed, deriving new laws that 
stood on a foundation of objective observation and analysis. So successful 
was experimental sdence in the next 300 years that a comfortable notion 
evolved that all nature in prindple was run like a well-oiled machine, 
with a set of basic, understandable laws to explain operations and 
relationships. 

This heritage profoundly influenced sdence education, particularly 
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laboratoiy work as part of a course. Bssentially, laboratory assignments 
became merely exercises to verify laws or rules. 

Alternatively, die^ laboratory was viewed by others as showing the 
practical side of science, divorced from and having less prestige than the 
theoretical or, by implication, “impra^cal pars of the course. 

Science courses demonstrating die vaility of well-established laws 
without giving evidence of continual evolution and growdi cannot help 
but lose contact widi new onc^ts coming out of research laooratoriea 
and out of the intellectual struggles of theorLuS. Also, this approach fails 
to develop in students the sense of excitement diat comes from discovery, 
fcom distilling out of independent measurements the common elements 
which make up a new generaliaadon and perhaps ultimately a new theory. 

Contemporary science, if adequately and honestly portrayed in courses 
of instruction, demands much of the laboratory, for science of the 
twentiedi century is a dynamic enterprfee that flourishes because new 
questions are asked and new leads sought in experimentation. Sometimes 
the information obtmned results in drastic modifications of previous 
theories or generalizations. Significantly, in this century science i>. not 
thought of as resting on a body of absolute truths or laws, but ratber on 
^ an acceptance of a degree of probability or of approximation in cur 
intetpretation of phenomena and our descriptions of relationships. Al- 
though the special and general theories of relativity, quantum tiieory, the 
uncertainty principle, and the nature of gene-change proved to be giant 
steps forward in our comprehension of macroscopic and microscopic 
phenomena, they also in jected a new understanding of boundary conditions 
for the applicability of laws and theories. They underscore the essential 
dependence of science, as a a)ntinualiy evolving cnteiprise of the human 
fnindj upon catcful experimentation, upon more and more sophisticated 
work in the laboratory. The laboratory, in all its variable forms, is thus 
for future developments in science. It should be so represented, 
as an integral part of instraction in science. 

In the laboratory tiie student can be teugiht more readily to be 
discriminating in observation, tc evaluate evidence or data, and to sense 
die importance of care and ^tiU in the taking of measurements. 

In die laboratory tite student should develop the contemporary view 
of the limitations of measurement, of inherent uncertainty, of the pos- 
sibility of achieving only better approximations to what will ultimately 
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be a(xq)ted as most likely valutt. But with this must be coupled an 
appreciation for the continuing utility of sudi measurements, because 
one can know the limits of their applicability or of their exacmess. 
Similarly, the continuing usehilness of certain scientific “laws’" can be 
demonstrated thtou^ application even if diey fail to aca>unt for all 
phenomena, for example, in the miaoso)pic domain. 

3. Implications for the Laboratory from Studies on 
Learning Processes 

The role of the laboratory and its potential for contributions to 
science education dm, in part; be clarified by reference to a few findings 
from researdi on learning processes. 

Research in the last half century has refined the concept of transfer 
of training and shown diat it applies only widiin related fields. The wide- 
^read use of mock-ups in electronics and Link trainers in aviation is 
based on the fact that skills and understanding gained from model systems 
can be transferred effectively to actual practice in full-scale operations. 
The laboratory can provide students with an understanding of procedures 
for scientific investigation, including control of certain variables, careful 
observation and recording of data, and the development of conclusions. 
In essence, the study of science through laboratory experience serves a 
dual function. The student learns the concepts and facts of the science itself 
and, in addition, learns how to grow in his knowledge and understanding 
of science. 

Of more significance, however, for die planning of laboratory work 
are results of classroom experiments conducted over the last fifty years. 
These deal with die concepts of readinessj mitivationj and structure. They 
have application for the teaching of science at all grade and age levels; 
diey deal both with the nature and organization of die material to be 
taught and with the .procedures for effecdve learning. 

Concerning readiness of a pupil to learn, Bruner has writien: 

We begin ivitb the hypothesis thet my subject cm be teugbt 
effectively in some intellectsuMy honest form to my child at 
my stage of development. It is a bold hypothesis and m 
essential one in thinking about the nature of a cmriculum. 

No evidence exists to contradict it; considerable evidence is 
being amassed that supports it. 



4 



. . . Research on the inteUectud devehptnenf of the child 
highlights the fact that at each stage of development ’the 
child has a characteristic ivay of viewing the world and 
explaining it to himself. The task of teaching a subject to 
a child at any particular age is one of represenUng the 
structure of that subject in terms of the child's way of 
viewing things. The task can be thought of as one of trans- 
lation. The general hypothesis that has just been stated is 
premised on the considered judgment that any idea can be 
represented honestly and usefully in the thought forms of 
children of school age, and that these first representations can 
later he made more powerful and precise the more easily hy 
virtue of this early learmng.^ 



Differences in environment and experience are to be found even 
for in th e same family. The differences are much greater between 

children of different families or communities, and enormously greater 
for different countries and cultures. The central problem, riierefore, is 
that of determining course content and procedures which will effecrively 
match the students present capabilities with his potential for concep- 
tualization of ideas. 

Most children are ready to modify, enlarge, and deepen their 
concepts of matter, energy, living, etc The task of the teacher and the 
curriculum developer is to determine what kinds of experiences (emotional 
as well as cognitive or intellectual) ate appropriate for a specific diild 
or group of children at a given time and place. 

By way of illustration, consider a variety of treatments for the 
important concept of energy utilization by living things. Children can 
soon identify earing as related to vitality, energy, ability to run, play, . 
and perhaps to work. The relationship of eating to compound synthesis 
^t id thus to gtowdi and maintenance of the body is more subtle. Children 
who have s^ered or arc suffering from insufficient caloric intake may 
understand the relarion^p of food to body energy. It may be more 
difficult to illustrate riiat plants requite energy, though experiments can 
be conducted witii seeds from whidi some or all of the stored iood has 
been removed. If microscopes ate available and students have suffident 
manipulative skill to use them (perhaps nine years old or older), capture 

^ Nnmbeted tdefCDces refer to * lilt of tefereooes on pege 43. 
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of food by protozoans, formation of stardi granules in leaf cells, and 
similar ol^rvadons can extend the range of jexperience demonstrating 
die energy requirement of all living things. As this idea is developed, one 
am also enlarge on die diild’s experiences to illustrate specific udlizadon 
of certain foods, sudi as vitamim. Applicadcm of this can be studied in 
reladon to maintenance of a healdiy person, a>w, or bacterial cell — the 
brick and mortar experiences for structuring the idea or concq>t of 
homeostasis. 

Fundamentally, work in die laboratory, to have meaning and to 
be efiPecdv^ must take into account differences in level of student develop* 
ment^ environment, and eiqierienoe. 

Of equal or perhaps even greater concern is the psychological 
problem of arousing in the pupil a desire to perddpate, to learn. This is 
die problem of motivation. 

Sonmobere beHt/em apatby mtd ioUd excitement, there is an 
optimsm level of aroused attention that is ideal for class* 
room activity. Wbat is that level? Frenzied activity fostered 
by tbe competitive project may leave no pastse for reflection, 
for evaluation, for generalization; tvbile excessive orderliness 
ivitb each student wmting passively for bis turn, produces 
boredom and ultimafe apatby. There is a day-to-day problem 
here of great significance. Sbort-run arostsal of interest is not 
tbe same as tbe long-term establishment of interests in the 
broader sense. Films, atsdio-visuai aids, and other such datvices 
may have tbe effect of catching attention. In tbe long run, 
they may produce a passive person ivmtmg for some curtain 
to go up to mouse him.* 

Among the important concerns in modvadng students to learn is 
die apparendy autocatalydc nature of learning. An emodonally satisfying, 
successful learning experience is one of the strongest incentives for 
continued learning. It is here that the laboratory holds great potential. A 
pupil who discovers that an electric current in a wire around an iron core 
can induce a magnedc field in the core, and conversely that a moving 
magnetic field can induce an electric current in a surrounding wire, has 
grasped an important reladonship between electricity and magnetism. If 
the discovery was made widi the student maneuvering the coils, magnets, 
and meters, it is likely that he experienced considerable emodonal 
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immg die ktmifig, c^cdiUy as die idea ajstallized in his 
mind. This student is. likely to be mothaud tamxd leatning more abwt 
m yg»^ c fields electron movement etc The problem* dien* is to provide 
ifiifial libocatory eaqperiences (or to build on ptevioos espeiienoes) idiidi 
do result in student involvement in an emodonaily and intellectually 
sads^ring manner. 

It should be stressed diat diis approadi is almost die antidiesis of 
mudb conventional sdenoe instruction. Students learn *the right-hand 
rule,” not as a result of experiences with coils and. magnets, but as a 
*'law” to be memorhsed for die next e x amin a t ion. It is very improiWile 
diat diis kind of “learning will be autocatalydd Mudi of what follo^ 
in diis rq>ort is an attempt to suggest ways of involving students in 
Ifflming yience which can increase dieit in^lnstc desire to learn (as 
contrasted widi die extrinsic motivation supplied by examinations and 
Gompedwin). The major problem in sdence teaching is to find ways m 
present opportunities for pupils to learn important facts, principles, ^ 
major ideas in sdence; it is not to find more intricate and demanding 
examinations and to set diese as primary motivators. 

Establishing die role of the laboratory in die sdence program involves 
not only knowledge of bow die material should be presented for maximum 
effective learning, but also whaS die students should learn. The content of 
sdence courses has Med to keep puce widi the enormous advance in 
die sdences over die past two or three deodes. In most schools, physics 
has been presented without die suggestion that quantum theory has been 
developed; chemistry is taught as though die mechanism of bonding were 
never studied, and biology coutses frequendy omit die nature of genes 
and gene action. This lag between sconce te a ching and the frontier work 
in sdenoe is a legitimate concern, and is largely die reason that there 
ate now in die United States several important groups sdentists, 
educators, and teachers engaged in the process of defining what we should 
teach in secondary sdiools. 

It has been the common concern of these groups in the several 
sdences dsat students, in addition to learning die concepts of sdence, 
diould leam die processes by which scientific concepts were evolved and 
enlarged. 

Concepts may be regarded as complexes of cognitive, factual in- 
formation, laced togedier by ei^riecce in problem solving, and over- 



laid with substandftl emodooai involvement These components — the 
facts, experience widi analysis and solution of problems, and a sense of 
etnotionai excitement — seem to be .essential ingredients for a school 
sdenoe program if concept development is to occur even to a moderate 
extent 

Such elements are present in die work of a practicing scientist 
It is of some significance to conclude from studies on concept develop- 
ment that an effective approadi to science education would be to involve 
the student as much as possible in the procedures followed by a scientist 
at work, to give the student some insight into the methodology of 
scientific inquiry, of the acquhidon and interpretation of data, and of 
die sense of excitement that comes from discovery. 



B. ESSENTIAL ELEMENTS OF A PROGRAM OF 
LABORATORY SCIENCE INSTRUCTION 

1, TheStudmU 

Children are often described as being the same the world over. 
This is true in part. Th^ play, mimic adults, and are concerned with 
their own affairs and 'development relative to others. This similarity, 
hovrever, d(^ not mean that identical programs of educadon would likely 
pnduce on the average comparable results widi different groups of 
young people. There are difference^ growing out of the vadety of stages 
of technologicai advance to be found among different countrks of the 
world, or widiin a single country or region. A students abiliqr to under- 
stand a demonstradon, a discussion, or an experiment will in part reflect 
his pnor familiarity with the materials, the devices, or the general utility 
of the scientific fact 

The .sdendfic st^hisdcadon of a group of students can be assessed 
dirough knowledge of their home environment, .the mores of their com- 
munity, and the availability and use of various means of acquiring in- 
formadcn- films, radio, television, books, magaxines, and new^apers. 

In regions where economic and technological advance is rapid, young 
perple are most likely to respond quickly to change — another reason 
fox continual review of the science curdculum. Thfr content of the science 
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course and laboratory should not move too far ahead of the technology 
of the re^n, but it is equally a mistake not to reform and rebuild the 
oirricutum to acknowledge external changes as they occur. 

2 . The Preparation of Teachers 

a. Education 

I/or hundreds of years men have sought to determine what ^nalr<»^ a 
good readier. Ate teachers simply bom with the persona! qualities needed, 
or can an educational program effectively develop die knowledge, the 
skill, and the personal attributes that somehow are blended in the person 
• of a good or superior readier? 

Over the. past half century or so, teacher sdudition in the United 
States and in many other countries has been based on the defensible premise 
that good teaching involves more than knowledge of the subject taught. 
^ unfortunate division of responsibility resulted from the attempt to 
introduce methodology into teacher training. The teacher aipirant was 
eiqiected to acquire in a very few courses suffident knowledge and under- 
standing of the sub jea as taught in a traditional-subject department, while 
he learned methods of teachin,g, even of organizing the subject itself for 
classroom presentanoo, in courses given by professors of education. 

This pattern has proved disastrour in sdence education because it 
separated the professional sdendst from the professional educator. Those 
most knowledgeable and conamed about the sdence itself paid little or 
no attention to the legitimate problems of prospective teachers of the 
subject Those responsible for education as a profession gradually 
shouldered major responsibility for planning teacher education programs 
and objectives^ leading to ah overemphasis on methods of teaching at the 
expense of studies in sdence. Under such circumstances it bzs taken an 
unusually perceptive and skillful person to develop an exdtiag and 
challenging approach of his own to teaching, based on sound knowledge of 
the content and process of sdence. The faa that such teachers so seldom 

appear has been a cause of grave concern to both scientists and professional 
educators. 

The most promising move to improve teacher education has been 
to restore once more the feeling of common concern and responsibility 
between scholars in sdence and professors of education for developing 



teachers of quality and competence. Constructive scrutiny and active 
participation by scientists in seeking improvemettits in programs of teacher 
• education are already having marked iffects on the'prq>aration of 
secondary school teachers. The vehicle by which this renewed collaboration 
is being forwarded most efFeedvely in the United States is complete 
reappraisal of the science curriculum, primarily for the secondary schools. 
This forces changes in the teaching of science at the college level, since 
(1) secondary teachers will ^ect in their teaching the concepts and 
methods by which they were taught^ and (2) high school graduates will 
ultimately demand college courses geared to their higher levels of achieve- 
ment and sophistication. 

Planners of university science courses designed to prepare secondary 
school macheirs must recognize that the teacher may need to use relatively 
modest laboratory facilities and equipment in reaching his objeedves. No 
single or presumably unique approach should be emphasized to the 
exclusion of other possibilities. The ability to improvise, to adapt, or to 
alter die level of sophistication of laboratory work must be derived 
from a thorough understanding of the material to be studied and of 
the nature of the science to be taught 

To illustrate, consider again the example from biology discussed 
earlier — ^the concq>t of energy utilization. The teacher in a region where 
facilities are minimal should be familiar with mchniques for demonstrating 
that pea seedlings will survive for a shorter time with no cotyledons than 
with one or both cotyledons. 

Parallel experiments might be suggested to the students from which 
a generalizadon may develop, e.g., stored food provides the sustenance 
for germination and early plant growth. Further exploration of factors 
, affecting seed viability may stem from this topic, leading to an under- 
standing of grain and seed storage problems, and acceptance of die 
agricultural consultant’s recommendations for seeding at sufficient depth 
to avoid drying, but not so deep as to inter die seeds permanently. 

This same energy troncept can be treated- with more sophistication, 
where relatively elaborate equipment such as a centrifuge is available 
An experiment might include procedures of extractii^ chlorophyll from 
pisnts with chromatographic separation, demonstrating that chlorophyll 
can capture energy from only certain colors or wavelengths of light The 
suggestion might be made that, potentially, a physical system utilizing 
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essentially all the ^ergy of the solar spectrum might prove to be a better 
energy source for man, than photosynthetic products, at least where other 
energy sources are limited. 

Both es^riments help develc^ concepts regarding snergy storage; 
Iwth are appropriate for secondary school students. Selection from alterna- 
tive approaches would be determined by the availability of resources 
the approprkteness to the cultural level of the community. 

h. Continued Professional Development 

Continuous changes in the needs and character of their communities 
and rapid and significant advances within science itself require that teachers 
of sdence actively continue their reassessment, of what and how they teach. 
The significant scientific knowledge of the world- is estimated to be 
doubling approximately every twelve to fifteen years. The textbooks and 
other new materials prepared by the science curriculum studies will have 
to undergo a thorou^ revision within less than five years from the timp 
of their publication. How long, then, can we expect teachers of science, 
who have large classes and enumerable educational obligations, to keep 
their fund of knowledge and the content of their courses up to date? It 
seems obvious diat a radically new educational approach is needed if our 
schools and their curricula are to keep pace with thesdentific, technological, 
and cultural development of the world. 

hfeny efforts have been initiated with this end in view: summer 
science institutes, academic year and in-service institutes, refresher courses 
for the teacher. All these efforts seem inadequate to meet the need. The 
voluntary attendance of teachers at summer science institutes, supported 
by rhe National Science Foundation and developed on a larger scale than 
any other measures aimed in this direction, tend to reach a relatively small 
proportion of the teachers. Moreover, they do not reach those teachers 
who most de^rately need assismnce, since the applicants who are accepted 
are usually those with the highest qualifications. 

Perhaps a time wffl come when science teachers wiU have regular 
leaves of absence for a year or half a year, at intervals of four to six years, 
to be spent in re-education and re-preparation for their professional needs. 
Such a plan would meet widi success, however, only if governments would 
provide fimds for the maintenance of teachers during their sabbatical 
years. In the face of great shortages of science teachers at die present 



time, it may be wondered whether the requirement under diis plan, for 
an additional recruitment of perhaps 2Q per ant more science teachers 
dian no\< exist would not present au insuperable difficulty. On the other 
hand, the much more attractive characterof a teaching career under the 
suggested plan would perhaps aid greatly in the problem of recruitment 
of teachers. 

In one couiitry, Japan, very considerable steps in this direction have 
already been initiated. Seminars for science education are being started 
with the objective of retraining one-tenth of all elementary school teachers 
and one-iialf of all secondary sdiool science teachers in five years, a^d 
special science education research laboratories are being started in about 
thirty national universities, where science teachers can be brought into 
dose contact with active sdentific research and can gain deeper ii^ight 
into the nature and ^irit of sdentific investigation. Most radical is the 
plan to develop "Science Education Centers” in each of the prefectures 
throughout the country. Eleven such centers are already in operation and 
ejght more are currently under construction. Here specialized leaders in 
sdence will work in conjimction with the universities and the Board of 
Education in the retraining of sdence teachers. Retraining at the centers 
will be mandatory for scheduled groups of teachers, but, in addition, 
teachers may attend more frequently on a voluntary basis. 

The matter of prime importance in all such programs is the develop- 
ment of mec h a ni s m s to keep secondary school teachers, elementary 
teachers, and active umversity sdentists in dose and continuous com- 
munication. Advances in our understanding of how people learn and 
by what techniques they may best be taught may be fruitfully introduced 
in the retraining program, too; but the greatest benefit will flow from 
the break-down of the barriers that have unfortunately grown up between 
the teachers of sdence, on the one hand, and the practitioners of sdence, 
the research workers, on the other. 

5 . The Physical Plant ofid Facilities 

a. General Remarks 

It should be emphasized again that a preoccupation with the material 
and physical elements of a building or with the equipment of a laboratory 
will not guarantee effective learning. The attitude, the understanding, the 
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knowledge, and the motivation of the ^cher are central However, even 
the best teacher must have facilities and equipment to teach effectively. 

School buildings should be planned to provide talented teachers 
with the best instnicdonal resources diat can be made available. 

laboratory apparatus can be selected to reflect different levels of 
economic resources and still provide essential opportunities for students 
to learn what can beet be learned by direct e:q}erimentation and e3q>loration 
in die laboratory. App^ratus,.materials, and equipment should be selected 
because of dieir relevance to the course, to die function they serve in 
developing concepts and an understanding of the proc3ess of scientific 
inquiry, and to their value in modvadng students to want to learn. 
Relatively simple equipment diough not always less eiq>ensive, is usually 
more effective than complicated technical devices. Common sense should 
dictate a proper balance between expenditures for relatively inexpensive 
pieces which open the way for individual student participation, and for 
a few expensive pieces which enable interested and able students ti> delve 
more deeply into some experiments. 

In general, most experiments can be performed widi relatively in- 
eiq>ensive equipment. However, a teacher using minima! ecpiipment needs 
to exercise great ingenuity in supplementing laboratory facilities. For 
example, extensions and discussions of observations that can be made only 
with a microscope providing adequate magnification give the student 
some appreciation and understanding of the relation of stmeture to 
function. The level of sophistication to which this comprehension can 
rise is to some degree dependent on die quality and power of die instm- 
ments at hand for student use. The adequacy of the ecpiipment as well 
as the scx)pe of the laboramry can be extended by the use of slides and films. 
With a bad^round of some student experimentation, visual aids can 
be used to bring new materials into view. However, appreciation of the 
significance of measurements or demonstrations presented in such fashion 
can be very limited unless there has been actual student participation in 
other, less difficult e^riments. 

It should be recognized diat the compound microscope has certain 
limitations. For many purposes a low-power stereoscopic (dissecting) 
microscope is more useful Schools should try to divide th^ir purchases 
between the two types. 
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h. Guidelines 

The following suggestions are listed not in order of importance, but 
in accordance with the order in which they m^t be considered in 
planning. Some may appear to be obvious, and applicable to schools 
generally, but tiiey are included to maiks clear that no unique arrangement 
or set of q>ecifications is required. Effective work can be organized witii 
a minimum of facilities. 

(1) Location, Consider possible need for expansion; is specs available? 
Are services sudi as power, ligh^ hea^ water, and sewer at hand? 

(2) Cooperative planning. Classroom teachers, architects, and sdaool 
administrative personnel should cooperate in p lanning the laboratories 
and their relation to other parts of the building. A sdentist or science 
teacher who had reontly participated in science curriculum studies would 
be of 'raluable assistance m ensure that new laboratories contain tiie 
elements most appropriate to. the present functional view of the laboratory. 

(3) Laboratory space. As available resources vary considerably from one 
part of the United States to another, and from country to country, the 
degree to which tiie laboratory can be developed depends upon local 
circumstances. The best available working space and facilities should be 
provided. 

Possible future expansion should be considered in current p lanning 
Adequate ligh^ ventilation, and heat if needed, are fundamental Lodged 
space — a room or cabinets— is necessary for tiie storage of apparatus when 
not in use. Work tables, either fixed or movable, should be provided. 
More detailed suggestions appear in Qiapter IL 

(4) Spscial aids to teaching. In addition to bladcboards, laboratory 
manuals, and reference books, each laboratory should provide for circuits, 
a screen, darkened windows, or other necessuy facilities for using filmg^ 
film strips, and slides. 

(5) Relation to science course objectives and school procedures. The 
interrelationships of the laboratory with other portions of the science 
course should be continuously correlated. Special care should be taken to 
ensure that the examinations measure accomplishment in the laboratory as 
well as factual material learned from texts and discussion. The relation of 
the laboratory to the scheduling practices of the school must be considered. 
Scheduling, lack of free time of students, laboratory periods that are too 
short, and inaccessibility of the facilities after hours will bear directly on 
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the degree of success achieved even with a weli-organizsd laboratory 



c. Possible Puts/fe Trends 

The present pattern of classes of tmifoc size has led to a standardized 
building composed of mult^les of nearly uniform rooms. Principal 
objections to this pattern are: 

(1) A class of 30 or more students is too large for free discussion, 
yet it is smaller dian need be for effective presentadoos by lecture or 
demonstration. 

(2) The use of lectures by ^>ecial resource teachers, films, or even 
television where available may be made before large groups, allowing 
teadiers more time for small group discussion and for si Biall group or 
independent laboratory work. A school building planned for such srhedul- 
ing will necessarily differ foom Ae conventional grouping of classrooms 
and laboratories of essentially die size and appearance. 

(3) Independent student study and activities require work space and 
facilities not found in conventional classrooms. Much wordiwhile activity 
must now be assigned as homework, even though conditions in the home 
may not be conducive nor guidance easily available. 

(4) A teadber^s stadent<ontaa time is fixed by traditional buildings 
at approximately 123 student*contact hours per day, with almost no 
available for study and preparation of new materiaL Providing for in- 
struction in various-sized groups might develop a more flexible schedule, 
allowing an individual teacher or a school to make more effective use of 
time and facilities. 

(5) Experimentation with curriculum and classroom practices is 
handicapped by a building of rooms designed for classes of equal size 
since hypotheses must be structured to fit available space and 

With a wide array of objections regarding die present 25-35 student 
classroom um't, it is somewhat surprising that tiiis pattern continues. It 
should be noted, however, that the present secondaty school pattern in 
the United States does not continue in most colleges. 

We recommend tiiat the planning of secondary sdiool 
include a careful analysis of a wide variety of iastmctional needs. Even 
if no dominant stereotype is developed, new sdiool buildings in die 
United States will probably indude some of the following: 
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<1) An auditorium or large assembly room for instructional use 
as well as for general meetings of the student body. 

(2) Smaller auditoriums or large classrooms for 70-150 students, 
c<]uipped for the use of visual aids. 

(3) Seminar or discussion rooms for 8-15 students each. 

(4) Study and/or work areas for 1 or 2 students pet area. Sndi 
areas for laboiatoiy wodt in sdence would dffier fan dujse used for 
languagestudy. 

(5) Adequate library space, including facilities for branch libraries 
in classrooms. 



C. RECENT EXPERIMENTAL APPROACHES TO THE 
SCIENCE CURRICULUM AT THE SECONDARY 
LEVEL IN THE UNITED STATES 



Over the p^ twenty years, the pubHc has evidenced a growing 
uneasiness regarding science teaching in ahe United States. Most of the 
^ly concern was on the quantity of science taught; but recently criticism 
by sdentistt, secondary school teachers, and lay leaders has fooised on its 
intefpretation. Science instruction has emphasis the products of science 
with Httle or no attention to its processes or to the nature of the inquiry 
that results in scientific advance. Equally disconcerting, the content of 
many tmurses was largely obsolete, important new advances being treated 
as an extra chapter” rather dian integrated into the total course structure. 

The aroused but independent concern of many individuals, with 
support from foundation and private sources, brought about the initiation 
of several programs for the improvement of physics, chemistry, and 
biology tea^ at the secondary level Substantial funding by the 
National Science Foundation has made possible the development of several 
comprehensive programs in the sciences. The ccaftmoa feature of all these 
programs is dieir direction by university scientists having knowledge and 
experience in a Rowing field of contemporary science, and their involve- 
ment of professional educators and science teadien. 

During the period, 1956-1959, several groups were organized for the 
purpose of reviewing die status of secondary school sdence curricula. Four 
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of groQ^ ^lat bsve teceived National Science Boundadon and other 
sapporcaie: 

The Physical Science Stody Committee (PSSC) 

The Chemical Bond Appioadi Group (CBA) 

The Chemical Education Materials Study Committee (CKEM) 
Ihe Biological Sciences Curricnlam Study (BSCS) 

Each of diese groups recognized diat inco^radng important 
advances in die sdences into secondary school instrucdon required new 
mxthooks, laboratory guides, supplementary readings, and visual A 
review of die developments of these groiq >5 in physics, diemistry, and 
biology illustrates die kinds of curriculum problems die groups met 
Comparable acdvlqr is under 'waj in madiemadcs. 

The selection of diese four groups for detailed discussion in no way 
mi nimiz es dse importance of odier new programs diat have been developed 
in the last decade, such as die excellent act of film lectures in physics 
prepared for secondary school use by Professor Harvey White of the 
University of California.* This particular film was designed to assist 
teache rs and, in emergencies, to fill instrucdonal needs where teachers and 
facihdes were not available. Some similar films, prcxiuced widiin die 
country of use, mi^t be found useful in educating machers and supple- 
menting science instrucdon. Materials on other new courses are xisted in 
Appendix E 

1, Physics 

For 3 ^ears, physidsis in the United Sttites have been uneasy about 
the state of secondary schcxil physics teaching, about die caliber of teachers, 
and dieir training, and about die materials contained in t exty labo- 
ratory manuals. Careful analysis of many texts, films, and classes in physics 
provided die conclusion that litde twendedi century physics was portrayed 
satisfactorily in the secondary school course. As mentioned earlier in this 
report, science has moved far beyond die stage of a search for absolute 
laws; leading to the contemporary view of die physicist which must include 
quantum dieory and wave mechanics, probabilities instead of certaindes, 
and a recognition that the process of science is an open-ended search best 
taught by allowing die student to pardcipate in die search. 

In die summer of 1956, a group of physicists met at the Massachusetts 
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Institute of Tcdmolpgy to plsn 4 progtain of action. support fcom 
the National Science Foundation, the Physical Science Study Committee 
(PSSC), under die chairmanship of Professor Jerrold R. Zacharias, was 

created. 

The Committee foimd that textbooks in general were outdated, and 
that those that attempted to incorporate new developments and an in- 
creased emphasis on technology aoquited a patchwork quaUty as weU ^ 
an increasing mass of material mo large to be covered adequately in 
a school year. 

From die beginning the group intended to prepare a new and 
integrated program, based on a new textbook, laboratory manual, 
experimental equipment films, and supplemenmry readmg materials. 
They planned to present physics in a logical fadiion, leading to formation 
of concepts diat develop die umty of science, and at the same time, to 
treat the subject as a significant intellectual and cultural activity having 
value transcending die technological alone.* 

In die preface to the PSSC text,* Dr. James R. Killian writes; 

Tbrougbouf, the sUti%ni is hd to realize that physics is a 
single subject of study* In particular t tine} space} and mat^ 
cannot be separated. Furthermore, be sees that physics is a 
developing subject, and that this development is the imagi- 
native icork of men and ioomen like btm* 

The laboratory performs a critically important function in the course. 
The experiments cover 50 topical areas and have necessitated die develop- 
ment of new equipment and guide books as required to meet the objectives 
set. In the 1959 Progress Report,* the Committee wrote; 

Even more than the text, the laboratory program empbasites 
student participation in the development of concepts* Stu- 
dents study natural phenomena in situations lobicb they 
create vfith their own bands* Laboratory work plays an 
important role as a means of exploring a field before formal 
definitions or laws are introduced* Here, students learn to 
face questions without answers being htmediately avmlable* 

In designing experiments for the laboratory program, the 
Committee bos been gtdded by the following objectives: 
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L Experim^sbouUhg true expenmentsimd not ro^ 
Mcumulatkm of date tc egree with a result well known 
inedvencej 

2. l^penments sbostld be performed, wberever possible, 
ivitb simple epperetus that cen be quickly assembled by tbe 
student; 

3 . Experiments should encourage further work along sug- 
gested lines and sbotdd lead to tbe consideration of tbe- 
oretical ideas growing from tbe experiment; 

4t Escpertments should be gtdded by tbe ideas already 
developed^ 



The descriptive material accompanying each experiment attempts 
to open doors for die student wldiout leading him stqp by step to an 
inevitable conclusion or generalization. Prescriptions are avoided. The old 
pattern of ^T^riment by filling in blank spaces or numbers into an 
equation is gone. 

Clearily, there are some demonstrations or experiments which would 
add much to the value of an introductory course at the secondary school 
level, but which cannot be performed because the equipment is ei^nsive 
or generaUy unavailable. Films in the PSSC program fill this need, 

allowing students everywhere to benefit from carefully prepared demon- 
st^'ations. 

Reading the table of contents of the PSSC I.aboratory guide (Ap- 
pen^ A-1) or a list of PSSC films (Appendix A-2) wiU not make 
v^bvious the differences between the PSSC approach and that which it 
is replacing, ^r example. Chapters 20, 21, 22, and 23 of the PSSC text- 
book are entitled, respectively: "Newton's law of Motion”; "Motion at 
Ae Earth's Surface”; "Universal Gravitation and the Solar System”; and 
"Momentum and the Cx)n5ervation of Momentum.” These titles ate not 
r^ly diffemnt from what might be found in a conventional text. The 
difference lies in the organization for development' of ideas. To illustrate, 

the following is taken from page 327 of the chapter on ‘Motion at riie 
Earth’s Surface”: 



When ive remove tbe air, we find that all objects, regardless 
of shape or density, fall with tbe same acceleration at a 
particular position near tbe eartb^s surface. Furthermore, 
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becmtse g does not cbmge dkecHon or meg^tude appreci- 
eddy unless ive move through distances comperahie with the 
size of the eertb, the ecceleratkm is closely the same for 
objects felling anywhere within a room, within a bstilding, a 
city, or even e state. 

The words underlined in this quotation are what distinguish diis 
material, and odiers like from what would be found in most other texts. 

The importance of relating dieory to experimental observation and 
the laboratory is repeatedly brought out in the text On page 268, the 
chapter on **Waves and Light” says: 

Our study of refraction and dispersion cleanly shows that the 
wave pictftre of light succeeds where the corpusctdar picture ‘ 

Yet the corpuscular pictme predicts correctly that light 
should propagate in strdght lines and cast sharp shadows. 

Can a wave model also account for these properties of light? 

This is followed by experimental Illustrations, Including laboratory 
work in whidi a ripple tank is used m demonstrate some properties of 
water waves whi^ have implications for the behavior of light 

The e:q>erience of those responsible for planning and trying out 
die PSSC material lends support to the proposition diat die 'laboratory 
must be an integral, and perhaps the most Important, part of a course in 
science at the secondary sdiool level Further, the experiments should be 
simple in material and equipment requirements, but sophisticated in design 
to allow students to sense die exdtement of discovery. 

2 . Chemistry 

Reviewing the steps that led several chemists and teachers to conclude 
diat a radical revision in die content and approadi to die teaching of 
c h e mi stry was long overdue at die secondary sdiool level, would show 
finding essentially parallel to those of biologists, physicists, and math- 
ematicians. The content of courses and the approadi to teaching chemistr/ 
simply did not reflect the present state of knowledge or understandin j of 
sdentists active in research and advanced studies. Em phfljsj s on memori- 
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zadon of facts, fotmnlas, processes, aod compounds not only failed in the 
typical secondary school court? to develdp the unifying concepts that lace 
the sdence together, but they did not generate in the student a feeling for 
science as a continuing and open-ended search. 

One of the unifying concepts in modem chemistry is that of the 
nature of the bond that binds atoms together into compounds of various 
kinds and diaracterisdcs. This bond was, for a long time, merely indicated 
by a line or lines between the symbok for die chemical elements, but the 
nature of die force or bonding mechanism was completely obscure. With 
die advent of quantum dieory and wave mechanics in physics, great strides 
were made in establishing a useful working hypothesis concerning the 
movement of electrons around the atoms and their role in providing 
the chemical bond between atoms. 

Several diemists considered diis unifying concept as one around which 
an effeedve and stimulating course in chemistry could be built. In response 
n> a specific suggestion by Strong and Wilson in 1938,^ the National 
Science Foundation made a grant m a group which subsequendy became 
known as the Qiemical Bond Approach (CBA) group. The underlying 
convictions and objectives of th^ chemists and teachers are indicated 
in die CBA Newsletter for February 1961 : 

If there is a%y one chjthracteristic of the basis for CBA Chem- 
istry, it is probably the belief that chemistry is inherently 
fascinating and that this fascination can be seen by students 
early in their exposure to the subject. To reveal the fascina- 
tion, it is not enough, however, to have the student memorize 
the data of chenustry. Indeed, we would argue that chemistry 
is more than the facts which make up the information pos- 
sessed by chemists. Rather, chemistry as practiced is a power- 
ful process for uncovering and extending natural phenomena. 

The power resides in the combination of ideas and facts or 
of concepts and experiments. As the student finds himself 
able to participate in the process, he also finds fascination. 

Of particular relevance to the concerns of this report is what the 
group has to say about laboratory work by students. To continue with 
the above quotation: 
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The cours$, tb§n, is orgmazed to aid the student m bis 
study of tbe interaction of conceptual scbetnes witb observa- 
tion and experiment. Perhaps tbe best part of tbe course in 
icbicb to see this is tbe laboratory work. Successful laboratory 
work in tbe CBA program means that tbe student not only 
collects data in tbe laboratory , but be also applies ideas to bis 
data. Tbe laboratory experiments are presented as problems 
to be explored or, if you wish, as puzzles to be solved, lit- 
sofar as possible, it is left to tbe student to decide what 
information be needs to solve tbe problem. Ideally, some 
information sbostld come from the laborakry and some from 
tbe literature. These are ^ed into a logical scheme based on 
a set of assumptions and often some mental model. Logical 
reasoning leads to a reasonable soMion to tbe problem. In 
most cases, either tbe solution to problem or some of 
tbe difficulties will sugge^f still other paths to be explored. 
Where time and facilities permit, tbe student is encouraged 
to follow up such *'esetensions^* as may intrigue him. A good 
many students seem to get real satisfaction out of su.b further 
explorations ... In such a setting, it is important to note 
that laboratory experiments do not automatically lead to a 
predetemuned result known only to tbe teacher. It is tbe 
abtUiy of tbe student to follow and even to construct a line of 
crgument that is tbe hallmark of good work . . '. Our main 
criteria for an effective laboratory experiment are: it should 
bo fitted tightly into tbe text so that it makes an important 
contribution to tbe pattern of tbe course; it must involve 
both tbe acquisition of data by tbe student and tbe execution 
of 0 logical argument, and it should become one of tbe 
threads in tbe course which contributes to at least a few 
subsequent discussions. 



As with the materials for the physics course, extensive trials in 
secondary schools across the United States were carried ou^ and revisions 
in the texts and experiments suggested. 

The laboratory Man u a l Table of Contents is reproduced as 
Appendix B. 

A second group of chemists, also with support from the National 
Sdence Foundation, began work early in I 960 to design a somewhat 
different set of materials for mgh school use. This second group, which 
became known as the Chemical Education Material Study (CHEM Smdy) , 
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developed a textbook and laboratory guide which was used on an experi- 
mental basis in twenty-four high schools during the academic year I960- 
1961. The content of this course, like the CBA course, differs substantiaHy 
from that presented in conventional high school chemistry textbooks. 

The deplorable state of high school chemistry courses was, in the 
words of Dr. Glenn T. Seaborg, Chairman of the CHEM Study group, 
the result of: 

. , . surprising mtd persistent generdf. lack of interest in 
high school chemistry lack of communication with high 
school teachers and admimstrators on the part of coUege 
p^fessors of chemistry and professional chemists. This 
situation has gone on for decadest and high school chemistry 
. courses of the recent past are an ugly monument to it, 

UappUy, there are many erutmples of a rapid change for the 
bettw, inclining participation of the American Chemical 
Society nationally and through its local ' sections.* 

TOie CHEM group, like the others, represents a coUaborative approach 
of umvgrsity scientists, teachers, and educators — an approach that has 
fully proved its effectiveness. In this instance, the objectives included not 
only the production of a new text, but new laboratory experiments, 
manuals, films, and supplementary reading materials. From the beginning 
Dr. Seaborg says: ® 

We decided . to have the high school chemistry courses 
strongly based on experiment and to have the text thoroughly 

dependent upon and integrated with laboratory experiments, } 

with the supphrnemal use of integrated films whenever they 
would he helpful. 

The C3JEM Laboiatory Manual Table of Crateats is 

as Appendix &1, and the cum film list as Appendix 02 . 



3* Biology 

The changing characsr of biological "science is a major factor in 
curriculum development. Advances in understanding of Hving things are 
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dependent upon advances in ffekted sciences. Until developments in 
diemisttf and physics evolved useful generalizations regarding matter and 
energy, biology could be little more dian a description of living organisms; 
a penetrating analysis of what makes somedbing alive was not possible. 

Contemporary secondary sdiool biology books reflect very few of 
die rapid and recent advances in biology. The wide gap between the 
science of biology as it exists in die research laboratories, and the science 
of biology as it is presented to secondary sdicxii students, led to a new 
program for the development of materials for teaching contemporary 
biology in secondary schools. Wids support from die National Science 
Foundadon, die American Institute of Biological Sciences established 
the Biological Sdcnccs Curriculum Study (BSCS), After a year and a 
half of preliminary work, die BSCS, in die summer of I960, gathered 
together teachers, research biologists, and curriculum specialists to produce 
new materials for high school biology instruction. Dr. H. Bendey ©lass. 
Chairman of the Biological Sciences Curriculum Study, desaibed the 
purpose of the study in a letter to die New York Times of July 16, I960.® 



The BSCS and its parent orgamzation, the American Institute 
of Biological SdsnceSf are concerned not only t&itb improve 
ing the subjecPmatter being presented under the title 
"biology* hut also with the manner of prosentation, the 
emphasis and the focus, . , « 

As the BSCS works on the high school biology prograsUf we 
hope that hiologf—mid indeed all science — will be presented 
as an unending search for meaning, rather than as a body of 
dogma , . . cur main objective is to lead each student to 
conceive of biology as a science, and of the process of science 
as a reliable method of gaining objective knowledge. 

To a very great extent the key to this understanding lies in 
meaningful laboratory and ^Id study which incorporates 
hoHest invesHg,^Hon of real scientific problems. However, 
today, what commonly passes for "lab** is often routine cook’' 
hook-type exercises or a mere naming of structures on 
drawings and answering of questions by looking them up in 
a textbook. . . . 
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The aim of the BSCS is to place biological kKOivledge in its 
f idlest modem perspective. If we are successfid, students of 
thi new biology sboidd acquire not only an intellectual and 
esthetic appreciation for the complemties of living things 
and thek interrelationships in nature, but also for the ways in 
which new knowledge is gained and tested, old errors 
eliminated, and an ever closer approximation to truth 
attained. 



Until recently, the availability of teadiing materials dealing with 
recent advance in biology has been very limited. The typical biology 
teacher was fated not only with inadequate textbooks and other materials, 
but also with inadequate training. College biology curricula for secondary 
school teachers have been primarily in terms of nineteenth century biology, 
and most teachers, even if recently trained, had learned litde or nothing of 
the important advances since 1940. 

With the assumption that modem advances in biology are significant 
and important for secondary school teaching, the Biological Sciences 
Curriculum Smdy set out to prepare new material which would present 
a much more unified and up-to-date treatment of biology for secondary 
schools. Three versions of high school biology textbooks and laboratory 
guides were prepared. The materials for these three somewhat different 
courses were bound widi different colored covers and identified by colors. 
The Green Version was written to give greater emphasis to ecology. The 
tentral concern in this version is the interaction of populations, com- 
munities, and the world biome. The Yellow Version places a somewhat 
greater emphasis on the cellular approach m plants, a nim a l s, and micro- 
organisms. The Blue Version emphasizes the molecular and cellular levels. 
Most of die same topics appearing in the Yellow and Green Versions are 
treated, but the level of presentation is somewhat more advanced and 
there is more emphasis on the teaching of biology to illustrate the 
methods of scientific inquiry. The tables of contents from these three 
versions are reproduced in Appendix D-1, 2, and 3, and will illustrate the 
topics presented in each version and the great overlap in the versions. 

A brief glimpse at the chapter headings in the three versions, in 
compari«)n with those in cunent published textbooks, immediately sug- 
gests the difference in emphasis. There are no chapters on vertebrates or 
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fungi or simile subdivisions of subject matter. The emphasis is upon the 
unity amoi^ living things with an attempt to bring out the broad under- 
ying principles which apply to all living things. As stated by Dr. Glass: 

. . . w must make the warp and woof of our treatment of 
the ^jest-matter consist of the great biological themes such 
as the interdependence of structure and function, regulation 
at^ homeostasis, the genetic continuity of Ufe, its evolution, 
dsverstty of type bound up with unity of pattern^ and the 
relatt^ of organism to environment. These must be treated 
at aU levels of organization, from the molecular level to that 
of the ecosystem, and at aU levels of process, from the 
cbemwd return through the growth and development of 
toe individual tc the evolutionary changes with time,^* 

The laboratory manuals for the BSCS versions dl&r from those 
^mpanymg most standard texiiooks today in that most of the work 
m the ptogtam requites students to approadi laboratory work as a 
of mquiry radrer dran as a process of verification of stated fact. 
:ae ^anotatoty guides do not include numerous blanks to be fiUed in by 
the sn^ent as he studies material There is a general emphasis on the 
coUeceon and intetptetadon of data, including extensive graphic analysis. 

In ^dinon ro the tcitbooks and laboratory guides, the BSCS ptogtam 
has pKxlu^ several Uboratory Blocks, each consisting of one 
aim of biolo^, which provide material for an invesrigation in depdi. 
^ block IS mtended as a subsrimte for five or six weeks of ordinary 
cto ms^on indudtag discussion and laboratory work. Hiis plan draws 
a sharp distmction between the convenrional Ulustrative function of lab- 
oratory work and what may be eaUed the investigative function. The 
Foreword m the BSCS laboratory books makes this distinction clear in 
of ^ paramount aim of science teaching in general education— 
the aim of peparing diizens, most of whom wfll be non-scientists, to 
take an intelligent stand in the affaiis of a scientific age. It says: "No 
matter hw much you learn about the facts of science, you will never 
quite understand what makes science the force it is in human history 
or the scientists the sorts of people they are, until you have shared with 
them such an experience. The laboratory and the field ate the scientists' 
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woilcsho|s. Much leading and discussion are necessary in scientific work, 
but it is in the laboratory and field diat hypotheses are tested.** 

“Properly to realize this aim,** says Bentley Glass, “ “the students 
experience must involve real, not make-believe, scientific investigation. 
One must approach the frontiers of existing knowledge and ask questions 
die answers to which ate unknown — to die teacher and scientist as well 
as to the student** This is not too dMcult in biologioil investjgadons, 
where so many variables exist What is more difficult is to plan invest- 
igadons in sudi a way diat groups of students — ordinary classes — of a 
wide range of individual apdtude and ability can parddpam. This is 
what die laboratory Block program undertakes t) do, widi its pene- 
tradon of pardcular problems in some depth and its emphasis upon group 
and team cooperadon in obtaining data, checking them by independent 
replicarion, and pooling diem for quantitative analysis. 

Four of the blocks in the series are endded Ammd Growth and 
Development, Interdependence of Structure and Function, Plant Growth 
and Development, and Microbes: Their Growtb,Nutrition,and Interaction. 

Mother contdbudon designed to improve the character of in- 
dependent student laboratory and field study for gifted or superior students 
is the collecdon of 100 sample research problems suggested by research 
workers in biology. Included wldi die outline of each reseatdi problem 
are selected references m aid the student in a serious a^nalysis. 
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JL SUGGESTIONS 



'fhe preceding sections describe the unique function of the laboratory 
in developing in students a valid <x>ncept of scientific activity* 

In tiiis section a number of suggestions ate made which may help 
in developing a successful program of laboratory instru^on. The sug^ 
tions are general in character and should be applicable in communities 
of various educational, eronomic, and cultural conditions. 

The suggestions are not necessarily arranged in order of importance 
nor in order of developmental sequence. 

A. ,THE TEACHER 

The most important element in any program of laboratory sdence 
instruction is a well^epared teacher, A good teacher can mnovate, adapt, 
and create for at least ir.tnimal opporruaities for student 

participation in the laboratory, even in the face of stringent fund limita- 
tions. A poor teacher will not know how to use effectively a well-equipped 
laboratory and may, by improper instructional procedure, lead students 
to develop misconceptions about sdsnce and the nature of scientific 
investigation. 

I. Education 

a. Undergraduate programs for science teacher preparation must 
contain substantial courses in science which include current developments 
and concepts. In the recent "Guidelines for Preparation Programs of 
Teachers of Secondary School Science and Mathematics,” reporting a joint 
study of the National Association of State Directors of Teacher Education 
and Certification and the American Association for the Advancement of 
Science, the following common guidelines are given: 

(1) The program should include a thorough, college-level 
study of the aspects of the subject that are included in 
the high school cftrriculum, 

(2) The program should take into account the sequential 
nature of the subject to he taught, and in particular should 
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provide ibf prosp$cthe tmtcber mib m uniwskmdmg of 
tbg aspects of tbe subject tcbicb bis students tcUl meet 
in subsequent courses, 

(3) Tbe profr^ should ktciude a major in tbe subject to 
be taagbt, with courses cbosen for fbeir relevance to tbe 
high school cttrricsdnm, 

(4) The m^w should incUtdesuBicient preparation for tbe 

Inter pursuit of graduate work in one of tbe sciences or 
in mathematics, 

(3) A fiftb^ear program should emphasize costrses in tbe 
subject to be Sought, 

(6) The program sbostld include work in areas related to 
tbe subject to be taught. 

(7) l^be program should include preparation in tbe methods 

especially appropriate to the subject to be taught, 

(8) Tbe program should take into account tbe recommen^ 
datums for curriculum improvement currently being made 
by various national groups. 

As an example of die application of diese general guidelines to 
p^cular field, the following amplification for the training of prospecd^ 
biolog/ teachers may serve: 

(1) ^ ^senti^ concepts to be included are (a) tbe cboracter- 
istics of living organisms in terms of maintenance, reguUh 
tim, behavior, reproduction, genetics, development, evolu^ 
tumt a^ systematics; (b) tbe interrelationships of living 
organisms wstb their physical and biotic environments! (c) 
sigmficant emphasis on plant, animal, and microbiological 
sciences alike; (d) strong emphasis on actual living 
materials in laboratory and field; (e) emphasis on science 
as investigation and inquiry, especially through experi- 
mental methods. 

(2) A broad course in general biology, or tbe equivalent 
domed from separate courses in botany, zoology, and 
microbiology; plus advanced courses, 

(5) A total of biological courses amounting to approxi- 
nu^ly a fuU year of college work, with advanced courses 
selec^ so as to avoid undue specialization and to achieve 
a balanced program of biology, 

(4) Coursesrel^antneithertotbehigbscboolprogramnor 

to preparation for graduate study should be discouraged. 
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O) Not less tb0H half the costrses beyond the baccaUmeste 
and leading to n masttf^s degree should be in biology, 

(6) Work in the related sciences (physics, chemistry, 
geology, mathematics, psychology) should approximate one 
full year of the college program, 

(7) Training in laboratory and field tpork is especially im- 
portant, Design of experiments and development of demon- 
stration equipment should be taught. The aim is training 
tb^ leill provide the prospective teacher with the special 
skills and techniques necessary to conduct an elective 
laboratory progum in the high school courses to bs taught. 

The conventional laboratory and field work in many pres- 
ent college courses does not do ibis, 

(8) Attention should be given specifically to the programs 
of the Biological Sciences Cimicsdum Study, Vlexibility 
and choice of various altemative ways of teaching sbotild 
be maintained in place of absolute uniformity and inflex- 
ibility in teacher preparation, 

b. Opportunity should be provided for laboratory ei^i^nces similgr 
to those herein recommended. University and college courses of instruction 
and laboratory work must be reviewed so that prospective teachers receive, 
by example, knowledge and understanding of the correct function of the 
laboratory. 

c The prospective teacher should be encouraged to work in a lab- 
oratory with altemative sets of equipment to gather ejq>erience with a 
variety of means for demonstrating or investigating a single scientific 
concept phenomenon. 

d. The formal science education of teachers should demonstrate 
clearly the close and essential relationship of individual laboratory work 
by students to the objectives of the course. Teachers in training must 
acn^ly participate in laboratory experiments, just as th^ will requite 
their future students to do. 

e. The conc^t of continual evolution and development of eq)eri- 
mental materials and the need for variety in laboratory work should be 
injected into the education program for teachers. This can be done, in 
par^ by a program of continued experimentation on the character and 
content of laboratory work in the teacher education institution and in 
part by ensuring that samples of equipment draft copies of C3q)eriments, 
and reports prepared elsewhere ate made available to.thd’ studeni -^acher. 
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f. SttengfJieniog the pieparsdon of teacheis is not enough. Ways 
must be found, such as summer institutes, in-service programs, and other 
devices, to bring and keep all teachers up to date in their knowledge of 
sdence and of new materials and devices useful in the teaching of science. 

B. THE CONTENT AND STRUCTURE 
OF LABORATORY WORK 

1, Substantive 

a. The laboratory should be used to enable individual students to 
develop concepts out of observations, measurements, and generalizations. 

b. Concepts developed should reflect insohur as possible recent develop- 
ments. 

c Wherever possible, materials used should be those with which the 
student is familiar in his own environment This is particularly important 
in studying biological topics. 

d. The laboratory experiments should be integrated with other 
portions of the science course — discussions, text, recitations, and dem- 
onstrations. They should bodi support die material assigned in other 
pordons of the course and rely upon informaden snd knowledge acquired 
there by die student It is sometimes useful and convenient to let the 
laboratory work on pardcular ei^riments precede its classroom study. 

e. Although some experiments should be performed by each student 
alone, some require more dian one person for control and observadoiL 
Some scientists claim diat maximum benefit is derived if two or three 
students work togedier on such experiments. If limitadon in funds, 
equipment^ or fadlides makes individual or small group experimentadon 
impossible for most of the course, at least a few eiq>eriments for small 
groups should provided. 

f. Sole e on routine or presenpdon type experiments should 
be avoided. C^n-ended assignments leaving as much as feasible for the 
student to discover by progressive observadons and analysis are highly 
desirable. 

g. Experiments should be designed to draw on student knowledge 
acquired from other courses and to demonstrate that scientific aedvity is 
based on optimum udlizadon of accumulated knowle '<^. 

h. A variety of techniques can be used to give students the experience 



31 



uniquely sought from the laboratory. No one alone is satisfactory, but a 
judicious combination can be effective, determined in part by economic 
conditions, availabiliQr of equipment^ competence of the teacher, and die 
nature of die scientific principle or concept to be developed. For nearly 
any school in any setting a reasonably satisfactory combination of in- 
dividual opetiments, group e^^riments, teacher demonstrations, and 
films can be organized. 

2 . Procedural 

a. Science courses, including the laboratory portion, should be 
continually reviewed to keep diem up to date in content and procedure. . 

b. Classroom science teachers, currendy active scientists, and science 
educators in teacher education institudons should collaborate in die review 
and should help to determine at any time whether major revision, 
adaptation of materials developed elsewhere, or minor changes for 
modernizing the course are needed. 

c. The reviewers should reach agreement on principles to be developed 
in die laboratory, on objectives of the course which might best be directed 
to details of the experiments, and on equipment, materials, and facilities 
needed. 

d. Students can develop an understanding of a given concept or e 
particular principle using various levels of sophistication in equipment 
and experiment design. Conversely, a single and simple piece of apparatus 
might be used to develop concepts of different levels of sophistication. 
The syllabus might well contain two or more dtemative sets of experi- 
ments or sets of recommeaded apparatus for developing die essential 
elements, dius providing for a minima! but still somewhat satisfactory 
laboratory program, even in the face of material and financicd limitations. 

e. Teachers should be encouraged to innovate and experiment with 
new laboratory procedures including open-ended projects by individual 
students. This requires high-caliber teachers. 

f. Centers should be provided at one or more universities asscxdated 
with teacher education institutions for continual examin:;tion of new 
materials and techniques, for making information available to teachers 
in the schools, and for injecting new life and meaning into what might 
odierwise become a stereotyped program. 
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C APP/iRATUS AND MATERIALS 

1. Apparatus should be selected for its functional use as an essential 
part of assigned laboratory e^^riments or for its usefulness in student 
j rejects. 

2. Avoid purdhase of complex pieces of equipment iE simpler and 
more easily maintained imms are available which will serve die purpose 
satisfactorily in die eiq)eriment or die course. Unduly complicated 
apparatus may obscure the process under investigadon. 

3. A few relatively advanced research-type pieces of apparatus can 
be used to advantage by a well-prepared teacher to help good students 
work on more challenging problems. Purchase should be made only if 
such usage will result and if funds for the general purpose of the laboratory 
are not jeopardized. 

4. Avoid purchase of equipment which cannot be repaired or ■ 
for which replacement parts are unobtainable. 

5. While recognizing that care in.- handling and maintaining 
apparatus will prolong its life, diis concern should not be carried to such 
an extreme diat students are prevented from handling and using die 
equipment 



D. BUILDINGS AND SERVICES 
1. Rooms and Facilifies 

a. The structure should meet basic requirements for shelter, security 
against damage or dief^ and flexibility for various uses; and should be 
designed if possible widi room for expansion. 

b. The design and diaracter should be compatible with other public 
buildings in die community. 

c There is probably no single arrangement for the laboratory and 
its relation to other course activities that is best In any arrangement; it 
is important to preser/e die functional and substantive relationship 
between e3q>eriments, classroom, discussions, and examinations. 

d. For biology in particular there should be an outdoor area for plant 
growth and ecological studies. When diis cannot be provided near die 
school, classes should make planned field excursions to utilize the rich 
natural resources of the country. A natural preserve, in addition to 
providing a source of occasional specimens and practice in identification, 
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should be a place for the study of natural changes and interactions among 
living things and their physical environment, and to this end should be 
little disturbed. ‘Ihe area should include as much native plant and animal 
life as possible but need not be large. A small marsh, wooded slope, or 
idle comer of the schoolyard can serve this important function. 

2, Minor Notes on Services and Special Equipment 

a. Appropriate storage with lodts is needed for a variety of materials. 
If possible, include separate storage cabinets for materials in use by 
individual students in experiments or projects. Some apparatus, of course, 
requires special care to keep it free from dust or other contaminants. 

b. The laboratory must include bench or table space. Some planners 
recommend approximately four lineal feet of space per student This can 
be as simple as movable tables located in the central portion of the room, 
to which could be added a series of cabinet-type benches along a portion 
of the walls, containing sinks, water, and perhaps gas, with wall cabinets 
above. It is helpful but not essential that dtese be designed for laboratory 
usage. Relatively ine3q>ensive units can be satisfactory. 

c Outlets for alternating current at regional standard voltage and 
frequency should be conveniently located throughout the room. Flexibility 
of table location in. the center of the room can be obtained if overhead 
drop-cord outlets are provided. 

d. Direct current lines are not essential. Economy and convenience 
can be achieved by use of rectifier units of appropriate size and character- 
istics to convert available AC to DC 

e. Water faucets, sinks, and drains can be economically arranged 
along one or more walls of a laboratory room. A bench equipped with 
sudh fadhties, standing away from a wall, could serve for instructor 
demonstrations. 

f. Hot water piped to sinks is desirable but not essential 

g. If available in the community, nature gas should be piped to all 
fixed benches for use with torches and burners. Otherwise, sources of heat 
energy most economically obtainable should be used. 

h. Adequate lighting should be provided for every room, preferably 
with an ambient level of approximately 75 to 125 foot candles. Special 
lighting for demonstrations may be desired with provision for darkening 
the room for projection purposes. ’ 
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m. THE LABORATORY OVERSEAS 



The material in the previous sections is believed to be relevant to 
the teaching of science in any country, although materials, facilities, or 
practices found useful in one country might fail in an o th e r because of 
2 variety of ailtural, economic^ and educational differences. 

This section presents notes on points whidb may be important under 
different cultural and technological conditions. It should not be considered 
by itself, but only in the context of what has been said earlier. 

These notes are grouped under headings corresponding to parts of 
Sections I and H, which are identified by page numbers for the reader’s 
convenience. 

A. THE STUDENT 

(Page 8) 

1. Recognition of differences in technological richness of cultures 
is important for curriculum planning, but it is too often neglected. It 
is harmful to educational effectiveness either to ignore the advantages 
available to students living in a technologically ad\^ced region or to 

assume a familiarity with materials and devices that in fact does not exist 
in the community. 

2. It is hazardous to introduce scientific concepts and the products 
of science by iKing as examples materials with which the student may be 
u nf amil ia r. The degree of technological advancement in an area should 
determine the materials used to promote science as a process of inquiry 

and to show the concepts, materials, and technological products that 
result from such inquiry. 



B. THE PREPARATION OF TEACHERS 

(Pages 9 and 28) 

Ihe pattern of rencw:i collaboration between professional educators 
and scientists in the U/iited States is important for those planning new 
programs fov teachers in developing countries, 

1. In some countries, preparing teachers of science to use the 
laboratory effectively as an integ^ part of the course conflicts with the 
understandable cultural aversion to work with the hands. Such feelings 
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are not unknown even in the Western World. A determined effort b 
needed to demonstrate that laboratory work is not mere manual labor 
which can be assigned in accordance with tradition to others of lower 
da^. The development of a feeling for the interaction of materials and 
objects is an essential element of learning through laboratory work. The 
investigator must have direct control over the equipment, instruments, 
or ingredients in an experiment It is important that he sense the relation 
of what he does with his hands to the consequences observed, and to the 
results he measures. For example, he nee^ to assume personal re- 
sponsibility for the cleanliness of the vessels or instruments to be used 
hi order to help avoid introducdon of contaminants. 

2. Reference has already been made to the need to reflect differences 
in cultural and economic conditions in the curriculum. In a rapidly 
changing country, the teadier should be alert to changes brought about 
by new developments in the c o m muni ty, and be ready to revise science 
courses to take advantage of such developments. Participation by the 
teacher in some of these community changes may help guarantee effective 
correlation. 

3. Summer institute programs for teachers are an excellent means 
of introducing new material or curricular changes. Where this is not 
practical, an alternative method is the use of in-service lessons or dem- 
onstrations on film. Where television has been used to broadcast science 
lessons for students in classrooms in the United States, the greatest gain 
is often made by the teacher. If such presentations reflect superior teaching 
techniques, or very effective use of materials which would also be available 
to the classroom teacher, a considerable improvement in the local teacher 
can result 

4. While such filmed courses cannot replace ordinary classroom 
instruction, especially laboratory instruction, they art as catalysts for the 
modernization of science teachmg and die itnprovement of necessary 
laboratory instmctibn. Instruction in science involves a certain amount 
of demonstration and straight presentation of facts. Some of this material 
can be presented satisfactorily by films, whether projected in the classro om 
or broadcast over television. Where facilities permit, schools should 
consider providing such resourr-®s as an aid to the teacher, thus allowing 
him more time for laboratory preparation and for independent work 
with students. 
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Many of the above activities carried on in the United States would 
not be readily applicable in all other countries. They are mentioned to 
emphasize the importance of providing some feasible and appropriate 
mechaniaxii for continued professional and scientific growth of the teacher 
and for interaction with scientists or others engaged in experimental 
programs of instruction. 



C. THE PHYSICAL PLANT AND FACHITIES 

(Page 12) 

No umque set of specifications or facilities and equipment can be 
defended as absolutely required for an effective science course, including 
laboratory. The significant question is: What facilities and equipment 
would be of optimal educational value for a group of students in a 
particular cultural setting with a given level of community or national 
resources? 

The- fact that increasing amounts of economic resources must be 
invested in education by all countries around die world dictates that care 
be exercised in deployment of these resources. Buildings and facilities 
should be reasonably compatible with odier public buildings in die 
co mm u ni ty. Funds for construction should be balanced realistically with 
those needed for laboratory equipment and supplies, or for better prep- 
aration of teachers so that they might use the available laboratory facilities 
more effectively. 

Whether facilities are elaborate, as in a technologically advanced 
culture, or minimal in a newly-developing area, laboratory instruction can 
be given, and should be included in a secondary school science course. 

An area for outdoor study of native plants and animals, even a 
small one with commonplace examples, can be of great value in the 
teaching of biology. Such study is inexpensive and can be carried out with 
little distuibance to wild life. Natural preserves are particularly important 
for schools in rural areas where native plants and flnitTials persist and 
where laboratory equipment is scarce. Living examples can be brought 
into the classroom for observation and experiment. 

It would be both presumptuous and mistaken to suggest that some 
proposals for new type?* of secondary school science and laboratory 
facilities in tlie United States be adopted in developing countries. Never- 
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dieless, some of the proposals now being given serious consideration in 
the United States for improvement of facilities and educational practices 
may have elements of importance for planning new facilities elsewhere. 
The techniques for development of new materials and the underlying 
relationships of laboratory work to the course as a whole have significant 
implications for adaptation or development of programs in other countries. 
Without attempting to reconcile different proposals or to evaluate 
suggestions, the items appearing on pages 14 - 16 are noteworthy. The 
comments do not necessarily relate directly to 'Jie laboratory, but would 
influence school organization in general and open the way for more 
adequate use of time and space for laboratory work. 

D. NATIONAL OR REGIONAL PROGRAMS 

Initiation of steps toward some of the objectives suggested above 
sometimes can be done best dirough pilot or demonstration projects. 
Special studies or experimental production facilities may also be essential. 
In addition, it is important to increase public awareness of the need for 
greater utilization of science in furthering development of a community 
and of the opportunities for employment of ffiose who develop laboratory 
and other scientific skills. Some suggestions for regional programs are: 

1 . Centers for Curriculum Development and 
Experimentation 

Depending upon the size of the country and the extent of need, 
one or more centers at teacher education institutions could re-examine the 
sdence curriculunL Specific and parti» hs attention should be directed 
to the laboratory portion. Teachers -ntists should be drawn to the 
center from various parts of the coun< <^ork in the program. 

Also depending upon local conditions, either one curriculum or 
a small set of alternatives could be established for the region, taking 
into account variation in capabilities and facilities. 

These centers may have a useful function in adapting curricular 
materials, developed elsewhere, to the needs of the region. The Biological 
Sciences Curriculum Study in the United States is most insistent that 
its materials not be used unmodified in an area where the flora and faima 
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are different from those in die United States. BSCS stands willing to help 
in the adaptation of its materials to other biological environments. Ihese 
national or regional Centers for Curriculum Development would be 
suitable instruments in such cooperatioiL 

To facilitate introduction or extended use of new curricula and 
experiments, seminars, workshops, or regional meetings with teachers 
should be set up. A subsidy should perhaps be provided for local teachers 
and schools to participate in such planning activities and to acquire new 
materials for the laboratory. 

Local circumstances will dictate whedier or not diese centers are 
appropriate locations for retraining and upgrading institutes for teachers. 
The centers at least should take the responsibility to see that such in- 
stitutes are provided. 

2 . Examinations 

Examinations serve an important function in maintaining uniformity 
of standards, and in many cases they are also used as a basis for selection 
where school facilities are insufficient to accept all applicants. It is 
important to recognize, however, that examinations used as a basis for 
selection tend to determine in advance the content and emphasis of any 
prescribed course of study no less than does the formal syllabus. Unl^ 
the examination system specifically allows for flexibility, it may in fact 
become a powerful force against change and thus seriously hamper efforts 
to improve teaching. New mediods intended to introduce mote modern 
concepts into a course are particularly likely to be hindered by the 
“external” examination in which the ex amin ers have not participated in 
the actual preparation and teaching of a course in its improved form. This 
single factor may do more to prevent aeative experiments witii improved 
teaching than any lack of funds or imagination. 

It is, tiierefore, extremely important for nation^ or state education 
administrations to make sure that examinations do not become an end 
in themselves, but remain a means for evaluating, maintai ng minimu m 
standards, and perhaps acting as an incentive toward im. ovement. To 
do diis, the examinations themselves can make room for change by offering 
a choice among several alternative questions; by allowing the possibility 
that a given question may be satisfactorily answered in more dian one way 
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by students with cMerent sorts of preparation; and. most important of all, 
by emphasizing questions which require a knowledge of fundamental 
concepts and mechods rather than detailed facts and numbers. 

Finally, it may be pointed out diat flexibility can be achieved and 
Jinwarranted preoccupation with examina tions can be reduced by means 
of a system of partial accreditation whereby some superior students are 
permitted to advance without examinations. If, for example, approximately 
IS per cent of students from a selected list of schools were accepted on 
the basis of die schooFs recommendations widiout the external examina- 
tion, a considerable degree of flexibility to tty improved methods in the 
best schools will result^ and at die same time an incentive toward superior 
work on die part of bodi school and student will have been established. 
The chief purpose of die e^uninati'^/ns — ^that of maintaining uniform 
minimum standards — ^will not have been changed. 

Care should be taken to see that examinations include questions 
based upon the laboratory work (otherwise die laboratory work will 
inevitably lose emphasis), and at die same time that diey reflect a proper 
recognition of the role of die laboratory and allow for variations in die 
type and number of eiqieriments that students may have been able to 
perform. 

3 . Production of Laboratory Apparatus 

Where private industry cannot be expected to venture into pro- 
duction of new laboratory apparatus widiout some assurance of sales, a 
government subsidy of one or more manufacturers would probably be 
necessary. This may even call for establishing a new company which 
ultimately covtld operate at a profit widiout subsidy. 

Alternatively, shops at curriculum development centers could develop 
models of apparatus to be constructed, and contracts could then be let 
by the government to manufacturers on competitive bids for specified 
quantities, the quantity of sales being guaranteed by the government if 
local school purchases were insufficient 

Whichever approach is taken, the production organization should 
not be so elaborate as to discourage periodic review of the laboratory 
experiments. The production organization should respond quickly to 
recommended changes. 
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The intent would be to establish in eadi country or region facilities 
for mass producing items of laboratory equipment, at low cost and 
with replaceable parts. Several advantages should follow; Local labor 
would be taught manufacturing skills; apparatus should be more readily 
available for purchase, repair, and replacement; the quantities needed 
would be large enough for a given item to justify establishment of mass 
production techniques of value to the country if they did not exist 
previously; a production and distribution system would be thus created to 
facilitate introduction of new materials as they are developed widiout 
reliance on imports. 

In most developing countries supplies of equipment and materials 
for laboratory use will generally be limited for some time. It is, therefore, 
particularly important that the tekher be prepared to use simple equip- 
ment draw on resources of the community or countryside, and use field 
trips for observation and analysis as alternative means of providing 
laboratory opportunities for students. 

The capability of the teacher to improvise rests squarely on sound 
preparation including an understanding of the function of the laboratory 
in a science program. It depends also, of course, upon the freedom given 
him by the examination system. 

4 . Centers for Science Film Production 

The school ministries or other government agencies in a country or 
region might cooperate in establishing and supporting a center for 
producing a variety of science films — ^both new films and adaptations of 
those obtained elsewhere in the world to satisfy special needs in the 
region. Some could be directed toward u-acher education; some could 
supplement the laboratory work by showing experiments otherwise 
unavailable; some could provide demonstrations using equipment most 
schools could not obtain; and some could show the availability of science 
careers in the region. 

An important advantage of a national or regional film production 
program is that local scientists and teachers can be shown on the film, 
working in local laboratories. This stimulates scientific interest in the 
culture of the region, 
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5 . Programs for Interpreting Science to the Public 

The importance of sdencs education including its laboratory work 
should be made known to the public at large in order to generate support 
for government action and to develop parental and community under- 
standing wd support of the work of students. Appropriate use cf news 
media, of exhibits, of lectures, of various organized groups to distribute 
information, and of films for the public will all help increase public 
understanding. 

A good science museum provides a very valuable resource bodi for 
school classes and the general public in a fairly wide area. Besides offering 
permanent and special exhibits, film showings, a planetarium, nature 
area, etc., it can very well serve as a focus and headquarters for science 
clubs and for a national program of science fairs. Here the results of 
recent scientific research by local scientists or the implications of major 
scientific discoveries can be illustrated and e3q>lained through exhibits, 
lectures, or films, and thus the scientific development of a country can 
be put into perspective. 



In summary, the laboratory is an essential element of an effective 
program of science instruction. Improvement in laboratory instruction, 
as well as the test of the science curriculum, can be made wherever there 
is determination that it be done, where imaginative and competent 
scientists want to do it and are given adequate support and freedom, and 
where the development involves teachers and is fed into the teacher 
education institutions through collaborative efforts. 

hfeterials selected for new programs in various stages of development 
and use in secondary schools in the United States are reflective of 
experiences of students living in the United States, and would not 
necessarily be appropriate for use elsewhere. We do not intend to imply 
that any of the materials are usable without modification in a program 
developed for some other country or region. They may, however, be 
helpful guidelines to the developers of programs elsewhere. 
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APPENDIX A. PHYSICAL SCIENCES STUDY COMMITTEE 
1. Laboratory Guide for Physics 
CONTENTS 



EXPERIMENT 

PARTI 

1-1 Short Time Interrals 

1-2 Larj[e Distaoces 

1-3 Snu^ Distances 

1-4 Analysis of an Experiment 

1-S Motion: Speed and Acceleration 

1-6 Small Massn 

1-7 The Spectra of Elements 

1-8 Molecnlar Layers 

1-9 Natural Temperature Scale 

PARTH 

n- 1 Reflection from a Plane Mirror 
n- 2 Images Formed hy a Concave Mirror 
n- 3 Refraction ^ 
n- 4 Images Formed by a Converging Lens 
n- 5 The "Refraction” of Particles 
n- 6 The Intensity of Illumination as a 
Function of Distance 
n- 7 Waves on a Coil Spring 
n- 8 Pulses in a Ripple Tank 
n- 9 Periodic Waves 
n-10 Refraction of Waves 
n-11 Waves and Obsucles 
n-12 Waves from Two Point Sources 
n-13 Interference and Phase 
n-14 Young’s Experiment 
n-15 Diffraction of Light by a Single Slit 
n-16 Resolution 

n-17 Measurement of Short Distances by 
Interference 



EXPERIMENT 

PARTm 

in- 1 A Variation on Galileo’s Experiment 
m- 2 Changes in Velocity with a Constant 
Force 

m- 3 The Dependence of Acceleration on 
Force and Mass 

m- 4 Inertial and Gravitational Mass 

m- 5 Forces on a Fall in Flight 

IE- 6 Centripetal Force 

ni- 7 ■ Law of Equal Areas 

m- 8 Momentum Changes in an Explosion 

m- 9 The Cart and the Brick 

m-10 A Collision in Two Dimensions 

m-11 Slow Collisions 

m-12 Changes in Potential Energy 

ni-13 The Energy of a Simple Pendulum 

m-14 A Head-on Collision 

PART I\^ 

IV- 1 Electrified Objects 
IV- 2 Electrostatic Induction 
IV- 3 The Force Between Two Charged 
Spheres 

IV- 4 The Addition of Elccaic Forces 
IV- 5 Potential Difference 
IV- 6 The Charge Carried by Ions in 
Solntion 

IV- 7 The Magnetic Field of a Current 
IV- 8 The Magnetic Field near a Long, 
Straight Wire 

IV- 9 The Measurement of a Magnetic Field 
in Fundamental tjnirs 
IV-10 The Mass of the Electron 
IV-11 Randomness in Radioactive Decay 
IV-12 Simulated Nuclear Collisions 
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2. ?SSC Physics Films 
(Deamber, 1962) 



Produced by Educational Services, Inc., and distributed by Modem Learning 
Aids, 3 East 54th Street, New York 22, N. Y., to whom inquiries regarding 
prices should be directed. 



TIME AND CLOCKS 

Jahn Kini, ure 

Discusses concepts of time measurement and 
shows various devices used to measure and 
record time intervals from 1 second down to 
l(y* seconds. Points out that the accuracy of a 
clock can be judged only by comparison wiA 
another clock. The question of wlwt time is, 
psychologically, is raised briefly as well as 
the question of a possible limit to the sub- 
division of time. 

#0101 27 minutes 

LONG TIMfi INTERVALS 

Harristn cai» ticb. 

A discussion of the significance of long time 
intervals with a deuiled description of radio- 
active dating arriving at an estimate for the 
age of the earth. 

#9102 24 minutes 

SHORT TIME INTERVALS 

Cam^Mi L, SmU, un 

A study of the extension of the senses to deal 
with very short time intervals. As an example, 
special techniques reveal complexities in^ a 
flacli of lightning which are not ordinarily 
perceptible to the eye. Timing devices shown 
include moving cameras, pen recorders and the 
oscilloscope, with an explanation of its use 
in these measurements. 

#0119 22 minutes 

MEASURING LARGE DISTANCES 

Flttcbtr WatsoKt HJmVAxn 
Using models of i^Bth, moon and stars. Dr. 
Watson describes the place of triangulation, 
p arallax and the inverse square law for light 
in geophysics and astronomy; his demonstra- 
tions point up the immensity of interstellar 
space, and suggest the complexities of measure- 
ment on this scale. 

#0103 29 minutes 

MEASURING SHOP.T DIS^fANCES 

Vantlty noixure couaoB 

Starts with the centimeter scale,, luoves on to 
microscopic dimensions, and then to the 



dimensions of atoms by meaus of Erwin 
Mueller’s field emission miaoscope. Shows 
how calibration of instruments can give us 
accurate knowledge of these small distances. 
#0104. 20 minutes 

CHANGE OF SCALE 

Reitrf William, urr 

Demonstrates that change of size necessitates 
change in structure of objects; u^ ipecidly 
constructed props to emphasize scaling 
problems, then shows practical application of 
scale models as used in the construction of 
harbors, study of ship design and movie- 
making. 

#0106 ■ 23 minutes 

STRAIGHT UNE KINEMATICS 

E. M. kochbtbr 

Notions of distance, speed and acceleration dis- 
cussed; graphs of all three versus time are 
generat^ using special equipment in a real 
test car; relationships among them shown by 
measurements (and estimates) of slopes and 
areas from the graphs. 

#0107 33 minutes 

VECTORS 

Mhtrt V. Batz, JUK 

Vectors are demonstrated in a high school 
classroom. Rubber models are used to show 
vector displacement in two and thra dimen- 
sions. Vector addition, scalar multiplication of 
a vector and other concepts are introduced. 
#0108 28 minutes 

VECTOR KINEMATICS 

Francis L. FtU3mm, jot 
Velocity and acceleration vectors ate intro- 
duced and shown simultaneously for various 
2-dimensional motions including circular and 
simple harmonic. The vectors are computed 
and displayed as arrows on a cathode ray tul» 
screen by a digital computer, and their 
relationsUpc are discussed. 

#0109 16 niinutes 
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ELEMENTS, COMPOUNDS AND 
MIXTURES (Color) 

Jrtl Jthns, uoNuuno anaacAX. coiOAXtr 
A discnssioa of the difference between ele- 
ments, componnds and mixtures, showing how 
a mixtnre can be separated by phjsidd means. 
Demonstrates how a componnd can* be made 
and then be taken apart by chemical methods 
with identification of components by means 
of their physical properties such as melting 
point, boiling point, solnbility, color, etc. 
#0111 34 minntes (color^ 

DEFINITE AND MULTIPLE 
PROPORTIONS 

Rtitrt Sf. Gmff, cambxidos school 
Jtncld R. ZscbmUs, wx 
Here is the eridence on which Dalton based 
his conviction that matter came in natural 
units, atoms; the chemical laws of definite 
propordcss demonstrated by electrolysis and 
recombination of water; acd multiple pro- 
portions by the quantitive decomposition of 
nano and NQi. 

#0110 30 minutes 

CRYSTALS 

AUm Holdtn, bill LaBOXAToxm 
Demonstrates the nature of crystals, how they 
are formed and why they ate shaped as th^ 
are. Shows actual growth of ctystals under a 
miaoscope; discusses how they may be grown. 
Relates ^ese phenomena to the concept of 
atoms. 

#0113 24 minutes (black and white 

or color} 

BEHAVIOR OF GASES 

JjHG!»izfns, uct 

The Brovniiao motion of smoke particles is 
shown by photo-micrography and compared 
with a mechanical analogue. This evidence for 
molecules in chaotic motion is contrasted with 
the orderly behavior of gases as shown by 
Boyle’s Law experiment. Animation and 
mechanical analogues are then used to develop 
a model for gas pressure based on chaotic 
molecuLir motion. 

#011S IS minntes 

RANDOM EVENTS 

Pattmon Hm0 4nd Vtnald Iv^, 
tnnvxatrrr ot toxokto 
T his film shows how the over-all effea of a 
very large number of random (unpredicuble} 
events can be very predicttble. Several m- 
nsual games are played to bring out «he 



statistical nature of this predictability. The 
predicuble nature of radioactive decay is 
explained in terms of what is shown. 

#011^ 31 minntes 

MEASUREMENT 

William Siihrt, vxt 

The measurement of the speed of a rifle bullet 
is used as the basis for a discussion of the art of 
measurement. Problems that are met acd dis- 
cussed include noise, bias, use of black boxes 
and the element of decision in all measure- 
ments. 

#0105 22 minntes 

INTRODUemON TO OPTICS 
(Color) 

E. P. Unit, PNC 

Deals with approximation that light travels 
in a straight line; shows the four ways in 
which li^ht can be bent— diffraction, scatter- 
ing, re^don and reflection; refracdon 
illustrated by underwater photography to 
show how objects above water appear to a 
submerged skin diver. 

#0201 23 minutes (color) 

PRESSURE OF UGHT 

Jtmld R. Zacbarias, itrt 
Light pressure on a thin foil suspended in a 
high vacuum sets die foil into oscilladon. The 
film leads up to this by a discussion of the 
Crookes radiometer and the effect— not light 
pressure— that causes it to rotate. The role of 
light pressure in the universe is also briefly 
discussed. 

#0202 21 minutes 

SPEED OF UGHT 

William SUhtrt, uir 

Outdoors at night Dr. Sieberc measures the 
speed of light in air using a spark-gap, para- 
bolic mirtois, a photocell and an oscilloscope. 
In the laboratoty he compares the speed of 
light in air and in water using a high speed 
routing minor. 

#0203 23 minntes 

SIMPLE WAVES 

John Shim, bbu. laooxatouis 
Pulse propagadon on ropes and slinkies shows 
elementary chsractedstics of waves such as 
different speeds in different media. Effects are 
shown at regular speeds and in slow modon. 
A torsion bar wave-machine is then used to 
repeat these experiments to demonstrate 
r^ection and other phenomena. 

#0204 27 minntes 
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SOUND WAVES IN AIR 

Hicbiird H. B$lt, urr 

Tbe wave characteristics of scond transmission 
are investigated with large scale equipment 
using frequencies up to SOOO cydes. Experi- 
ments in reflection, diffraction, interference 
and refraction ate supplemented with ripple- 
tank analogies. Interference is shown in both 
the pattern of standing waves and in a pattern 
reflected from a grating. A gas filled lens is 
used to refraa sound. 

#0207 3S minutes 

FORCES 

Jtntli K. Zdthmuu, im .' 

Intr^uctot 7 to mechanics In general, this film 
foreshadows later work with kinds of forces. 
A qnaliutive Cavendish experiment shows 
gravitational forces between small objects. 
Also by means of this experiment gravitational 
force is compared with electrical force in a 
simple demonstration. 

#0301 Z3 minutes 

INERTIA 

E. Ai. Pttrctll, HAXVaiD 
Demonstrates Galileo's prindple of inertia 
using low friction dry ice pucks and multiple 
flash photography; develops the relation that 
acceleration is proportional to force, when 
mass is constant. 

#0302 27 minutes 

INERTIAL MASS 

E. Ai. Purc$ll, HAXvaxD 
A continuation of INERTIA, this film develops 
the relation that aederation is inversely pro- 
portional to mass, with a constant force^^ It 
shows chat different objects may have the 
same inertial mass, by demonstrating that th^ 
have the same acederation if the tame force is 
applied. Finally, it distinguishes and compares 
inertial and graviutional masses pointing out 
the proportionality between them. 

#0303 20 minutes 

FREE FALL AND PROJECTILE 
MOTION 

Nafbanitl Ermtk, urr 

The behavior of fredy falling bodies is ez- 
plcred from a dynamical point of view, leading 
to the proportionality of graviutional and 
inertial mass, the independence of perpen- 
dicular components of a motion, am the 
condusion that Newton's Law is a vector 
relationship. Indudes a slow-motion study of 
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two balls simultaneously dropped and pro- 
jected horizontally from the tame hdght, and 
experiments with a large "monkqr gun." 
#0304 27 minutes 

DEFLECTING FORCES 

Nstisnitl Erank, urr 

Discusses nature of forces which produce 
curved paths, brings out concept of centripetal 
vector acedention, shows how knowledge of 
path and mass of an object give information 
on the force involved. 

#0305 29 minutes 

PERIODIC MOTION 

PsttmtH Httm end DoneU luj, 

ONivaairrr or toxonto 
From a number of periodic mot'ons simple 
harmonic motion i: sdected for detailed ex- 
amination; a pen moving in SHM plots its own 
displacement— time guph; graphs of vdocity 
and acedeution versus time are derived from 
it. The formula for the period of SHM is 
derived from the component of circular motion; 
the dynamics and period of SUM checked 
experimentally by osculation of dry ice puck 
mounted between springs. 

#0306 33 minutes 

FRAMES OF PJEFERENCE 

Patttrson Hum and Donald Ivtj, 

UKivsasiTV OP Toaomo 
By means of a variety of experimeats on firames 
of references moving at constant speed or at 
constant acederations, this film demonstrates 
the distinction between an inertial and non- 
inertial frame of reference, and the appearance 
of fictitious forces in a non-incrtial frame. 
#0307 26 minutes 

ELLIPTIC ORBITS 

Alitrt V. Boot, me 

S. rtingvrith an elliptic orbit Cas of a satellite) 
and using Kepler's law of areas, this film 
shows that the gravitational force on the 
sa'-dlllc obeys an inverse: square rdation. The 
derivation is almost entirely geometric in 
nature. 

#0310 18 minutes 

UNIVERSAL GRAVITATION 

Pattmon Hum and Donald Ipgr, 
oNivMimr OP Toxoino 
; law of universal graviution is derived by 
imaginiag a solar system of one star and one 
plane Yofessors Hume and Ivey as in- 
habitants of planet % desaibe the process by 
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which they derived the law in their solar 
system. *Ihe kinematics and d}mamics of 
planetary motion are demonstrated using 
various models to discuss a solar system. 
Satellite orbits are displayed using a ^gital 
computer. 

#0309 30 minutes 

ELASTIC COLUSIONS AND 
STORED ENERGY 

Jams StricilanJ, vmc 

Various collisions between two dry ice pucks 
are demonstrated. Cylindrical magnets are 
mounted on the puclu producing a repelling 
force. Careful measurements of the kinetic 
energy of the pucks during an interaction lead 
to the concept of stored or potential energy. 
#0318 28 minutes 

ENERGY AND WORK 

Vorotly Montgomtty, holuni coixsos 
Shows that work, measured as the area under 
the force^istance curve, does measure the 
transfer of kinetic energy to a body, calculated 
from its mass and spe^. A large-scale filling 
ball experiment, a ncs*linear spring arrange- 
ment and a "Rube Goldberg" graphic^y 
establish work as a useful measure of energy 
transfer in various situations. 

#0311 29 minutes 

MECHANICAL ENERGY AND 
THERMAL ENERGY 

JsTTtli K. Zaebarias, iOT 
This film shows several models to help students 
visualize both bulk motion and the random 
motion of molecules. It shows their intercon- 
nection as the energy of bulk motion. Demon- 
strates random motion and how such motion 
can average out to a smooth effect. Shows 
model of dermal conduction. Demonstrates a 
model using dry ice disc and small steel balls, 
in which bdk mechanical energy of the disc is 
converted to "thermal" energy of random 
motion of the balls. Develops a temperature 
scale by immersing canisters of two gases in 
baths of various temperatures, reading the 
resulting pressure; through this, explains the 
origin of the absolute temperature scale. 
#0312 27 minutes 

CONSERVATION OF ENERGY 

Arthur LaCreix, nsw snox.ani> 

UXenue SYSTBU 

Jt^rald R. Zacbarias, urr 
Energy traced from coal to electrical output in 
a large power plant, quantitative data is taken 



in the plant; coaservation law demonstrated 
for random and orderly motion. 

#0313 27 minutes 

COLLISIONS OF HARD SPHERES 

Jams StriAtJand, foc 

This it a laboratory instruction film dealing 
with conservation of momentum primarily 
intended for teachers. The film is a demonstra- 
tion of the adjustments and operation of the 
Collision in 2-D apparatus us^ in the PSSC 
Lab m-10. The conservation of momentum is 
demonstrated for both equal and unequal mass 
spheres. 

#0319 19 minutes 

COULOMB’S LAW 

Eric Regtrs, funciton 

Demonstrates the inverse square variatio^^ of 
electric force with distance, and also the fact 
that electric force is directly proportional to 
charge. Introduces the demonstration with a 
thorough discussion of the inverse square idea. 
Also tests inverse square law by looking for 
electrical effects mside a charged hollow 
sphere. 

#0^3 23 minutes 

ELECTPJC FIELDS 

Francis Bitter, lor 

An electric field discussed as a mathematical 
aid and as a physical entity; experiments 
demonstrate (1) veaor addition of fields, 

(2) shielding effect by closed metallic surfaces, 

(3) the electric force which drives an electric 
current in a conductor for both straight and 
curved conductors. Phj^ical reality of fields 
discussed briefly in terms of radiation. 

#0406 24 minutes 

ELECTRIC LINES OF FORCE 

AUxandtr Joseph, dkonx communitt 

COIXBOX 

Shows how to produce electric field patterns 
using neon sign transformer as high voltage 
source. Indicates safety precautions. Fine grass 
seed in the interface between freon film cleaner 
(or carbon tetrachloride) and mineral oil align 
themselves to form various electric field 
patterns. 

#0407 7 minutes 

MILUKAN EXPERIMENT 

Francis L. Friedman, uiT 
Alfred Rtdfield, ibu 

Simplified Millikan experiment described in 
the text is photographed through the miao- 
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acope.' Standard ^eres are substitnbd for oil 
drops; an analysis of the char^ related to the 
Tdodty of the sph« across field of view of 
microscope emphasizes the eridence that 

charge comes in natural nnits that are all alike; 

nnmcroxis changes bf charge are shown, pro- 
duced by X-rays, with the measurements 
clearly seen Igr the aadience. ]^f«ssor Fried- 
tnan gires an introduction and running com- 
mentary; Dr. Redfield does the experiment. 
#0404 30 minutes 

COULOMB’S FORCE CONSTANT 

£r^Hpg«rr, FxiNcnoK 

Shows a large-scale version of the MHUKAN 
experiment. The small charged plates of 
the original experiment ate made vety. large 
and the eSects are shown of increasing plate 
area anu separation, and adding mote batteries 
to charge the plates. The same electric field 
strength used in the MHUKAN EXPERI- 
MENT enables the experimenter to count the 
number of elementary charges on_an object 
and .measure the constant in Grnlomb’s law 
of el«ctri»: force. 

#0405 34 minutes 

COUNTING ELECTRICAL 
CHARGES IN MOTION 

Jamis StridLmd, mk 

This film shows how an electrolysis experi- 
ment enables ns to count the number of ele- 
inenmiy charges passing through an electric 
circuit in a given time and thus caJihi^rr an 
ammeter. Demonstrates the random nature of 
motion of elementary charges, with a current 
of only a few charges ptt secood. 

#0408 20 minutes 

A MAGNET LABORATORY 

Frmcir Bifftr, lox 

Professor Bitta's large nu^et laboratoty at 
urr shows equipment used in producing strong 
imagnedc fields; demonstrates magnetic effects 
of currents aixl the magnetism of itoo. 

#0411 20 minutes 

ELECTRONS IN A UNIFORM 
MAGNETIC FIELD 

Dmtly Mmfimmyt holuks coixaos 
A spherical cathode-ray tube with a low gas 
atmosphere Cheybold^ is used to measure the 
curvature of the path of electrons in a magnetic 
field and with reference to the MHUKAN 
EXPERIMENT the nms of the electro' is 
determined. Arithmetic involved is worked 
out with tne txpexmeat, 

#0412 10 minutes 



MA^ OF THE ELECTRON 

ErkHtffttt mNcxroH 

■ Using a cathode ray tube encircled by a current 
cariying loop of wire, measurements are taken 
which enable the demonstratorto calculate the 
niass of the electron with reference to the 
MTLt lKAN EXPERIMENT. The calculations 
are brought out in detail, step by step. 

#0413 18 minutes 

ELECTROMAGNETIC WAVES 

Gmi$ Weli 0 , urr 

Shows why we believe in the uni^ of the elec- 
tromagnetic radiation spectrum. Experiment 
shows that the radiation arises from acceler- 
ated charges and consbts of transverse waves 
that can be polarized. Interference (Young's 
double slit experiment) is shown in four 
different re^ons of electromagnetic q>ectrnm; 
X-ray, visible Eghc, microwave and radio- 
wave. 

#0415 . 30 JTiinntes 

THE RUTHERFORD ATOM 

Kohrf /. TbflsiZfr , onivbxsitt of Illinois 
Dr. Holsizer uses a doud chamber and gold 
foil in a simple alpha-partide scattering experi- 
ment to illustrate foe historic Rutherford 
experiment which led to foe r. dear modd of 
foe atom. Behavior of alpha partides rla rffiM 
by use of large scale models illustrating foe 
nudear atom and Coulomb scattering. 

#0416 40 minuCK 

PHOTONS 

J$b» Kini, tat 

Photomultiplier and osdlloscope used to 
demonstrate that light shows pardde be- 
havior; photomultiplier explained, amplifica- 
tion demonstrated, "noise** reduced; reasoning 
t^uired to understand final outcome carefully 
discussed. 

#0418 19 minutes 

INTERFERENCE OF PHOTONS 

Jib» Kin^ MTT 

An experiment in which Eght exhibits both 
pardde and wave charatterisrics, A veiy dim 
light source, a double slit, and a pboro- 
muidplier are used in such a way that less than 
one photon (on foe average) ii> in foe apparatus 
at any given time. Cbaractenstic interference 
pattern is painted out by many individual 
photons hitting at places consistent with foe 
interference pattern. Implications of this are 
ditcutted. 

#0419 14 minutes 
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PHYSICS FILMS 

PHOTO-ELECTRIC EFFECI' 

(Color) 

J$b» Strmg, TBS JOHN* EOmNt tFNIVXltRTr 

QnalitidTe demonstmticu* of the photoj 
.electric ^ecc are shown tiring ^e' *nn and x 
cuhon arc a* aonrce*. A qaaoritarive experi- 
ment is performed measuring the kinetic 
energy of the {diotoelectrons emitted from a 
potassium surfree. The data is intetpeeted in 
a careful analysis. 

#0417 ' 28 minutes 

MATTER WAVES 

Al4nt H»ld*a tnd Ltstn Gmmr, 
BSU>maFBONBX.US. . . 

Dr. Gcrmer presents a modem Teraon of the 
original experiment which showed the wave 
behavior of the electron. The student sees 
electron difiraction patterns on a Suorescent 
screen. The patterns are understandable in 
terms of wave behavior; Alan Holden presents 
an optical analogue showing almost identical 
patterns. The electron diStaction experiments 
of G. P. Thomson are described by Holden 
who also presents brief evidence for the wave 
behavior of other particles such as neumms 
and helium atoms. 

#0423 28 minutes 

THE FRANCK-HERTZ 
EXPERIMENT 

Bjrm aaxD couaoa 

An epilogue by Jam: FrtmA. 

A stream of electrons is accelerated through 
mercury vapor, and it is shown that the Idnetic 
energy oI the electrons is transferred to the 
mercury atoms only in discrete packets cf 
energy. The association of the quantum of 
energy with a line in the spectrum of mercury 
is established. The expe ri m e nt retraced in this 
film was one of the earliest indicarions of the 
existence of internal energy sates within 
the atom. 

#0421 32 minutes 

Tb$ thmjilm: c$mfrut a faU trutmM 

«f tit tm^ tramfv «s iltarkal dreatt. Tit 
Jatfirtm films sitM mt it uni stfarattlj. Tit 
fnctiini tint film:, startini witi ^0104 Millikm 
Exftnmmtt felltmi ij #(W5 CmltmVs Ftrtt 
CmtoKt m$d 4f040t Oumtiag Eltctrkal Ciarffs 
«* Mttkm, an aecttsasj ts Uj tit ftmidatm ftr 
tit fnMntatiat tf tit latttr tint. This stpimt 
«f six films ftm a tigitlj htit dtmltfmmt if tit 
nltfoat siAjtet mattUt Uaiiag ti tit msi rf tit 



frindfU tf-emsmatim «f tmgy tt assdjtf tit 
isia^ tf tkarkd ^stms: 

ELEMENTARY CHARGES AND • 
TRANSFER OF KINETIC 
ENERGY 

Fraads L. FritimaH, mit 
In a diode using tha identical geometry of the 
MHUCAK EXPERIMENT, the gain of 
kinetic energy of electrons Sowing the 
cariiode to anode is measured experimentally 
and found to be that predicted by the results 
of the MmiKAN EXPERIMENT. This 
measurement is made by comparing the thermal 
energy dissipated as the electrons strike the 
anode with the thermal energy produced in an 
identical anod^ by a mass foiling a knovm 
distance. In this film the elementary charges 
*s determined from the Millikan and from Ae 
Faraday experiment are shovm to be the same. 
#0409 25 minutes 

EMF 

Natimdtl Frastk^ sot 

Here it is shown that the energy transfers 
demonstrated in the preceding film CElemen- 
tary Charges and Transfer of Kinetic Energy) 
are indep^ent of the geometry of the elec- 
trodes in the diode. It is further demonstrated 
th*^ the energy per elementary charge delivered 
by a battery (its xso) depends only on the 
chemical constitution of the battery. The 
concept of suv is extended to describe any de- 
vice which transforms energy by separating 
elementary charges. This disc^on leads 
directly to the sub}ect of the next film. 
Electrical Foter.rial Energy and Potential 
Difference. 

#0430 19 minutes 

]toCTFJ(:AL POTENTIAL 
ENERGY AND POTENTLY 
DIFFERENCE (Parts I and H) 

Natimdtl Frank, Mtr 

In Part I of this film, the mechanisxii by which 
a battery establishes an electric field in a cir- 
cuit is analyzed and the electric potential 
energy stored in such a qrstem is measured 
experimentally and explained theoretically. 

In Parc II, it is shown how the energy trMOs- 
fbnnarions in a steady a!rrent<artying circuit 
can be obtained firom measurements of poten- 
tial difference and electric current, including 
the energy dissipated internally in the batteries 
used. 

#0431*2 PartsI and II S4 minutes 
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APPENDIX 6. CHEMtCAt JBOND APPROACH COMMlTtEE 

« 

C3A Laboratoiy Manual 

' CONTENTS 

. (List Of Hxpeiimeuts For The Commercial Edition*) 



Groi^ I E^erhetMis 

CHAPTER I (The Science of 
Chemical Change) 

E-l ImtulaadHBalStAtesofSfstents 
E-2 Idexs> Tbooght aad Expetuieoatioa 
E-3 Cfuncteristic Properties and 
identificatioa 

CHAPTER n (Mixtures and 
Chemical Change) 

£t4 a Chemical System — a Solntioa • 

E-5 The Formation of x Precipitate — 

A Chemical Chao^ 

H-6 Properties and Chemical Change 

CHAPTER HI (Gases, Molecules, 
and Masses) 

E-7 The Estahlishment of x Chemical 
Equation 

E*8 Heat and Temperatnte 
E-9 The Transfer of Heat 

CHAPTER IV (Electricity and 
Matter) 

£•10 The ESiect cf Electrical Energy on a 
Chemical System 

E-11 Electrical Energy and Chemical Change 

CHAPTER V (Charge Separation 
and Energy) 

E-12 Soinbility and Charge Separation 
E-13 b teracrion and Charge &pararion 
E-14' Ihe ReacriojrCapaci^ of a Solorion 

CHAPTER VI (Electrical Nature 
of Matter) 

E-IS Separation as a Method of Analysis 

CHAPTER VII (Electrons, Nuclei, 
and Charge Clouds) 

E*16 The Geometty of Charge Qoods 
E-17 Proton Transfer 

CHAPTER VIII (Kinetic. 
Molecular Theory) 

£-18 ITie Displacement Rate of Gases 



E-19 The Mbrement of Gases Through an 
OriSce 

E-20 Chemical Change: The Eiolurion of a 
Gas 

CHAPTER IX (Temperature- 
Changing Capad^) 

E-21 The Transfer of Heat During Change of 
State 

E-22 The Heat of Formarion of SoUd 
Ammooiom Chloride 

CHAPTER X (Electrons, Nudei, 
and Orbitals) 

No experiments at present. 

CHAPTER XI O^Ietals; 

E-23 Metals and Metallic Cc 3 rstals 
Gros^ II Experh/unfs 

aiAPTER XII (Ionic Solids) 

E-24 Chemical Changes, l^thalpies, and 
Periodidqr 

E-25 The Magnesium Sulfate-Water System 

CHAPTERXHI (Ions in Solutions) 

E-26. Idenrificarion of Substances by Chemical 
Change 

E-27 The Lead 00 Chloride System 

CHAPTER XrV (Free Energy) 
E-28 Metals and Standard Free Energies of 
Formarion 

E-29 Chejsuc*! Qianges In7oI?iag Oxidarion 
State 

E-30 Heat of Reacrion, Electrode Potential, 
and Free Energy Change 

CHAPTER XV (Concentration 
Control and Chemical Change) 
E-31 An Approach to Equilibrium 
E-32 The Ion Products of the Lead Halides 
B-33 The CUoroacedc Add-Water System 

CHAPTER XVI (Adds and Bases) 

E-34 The Nature of A^s and Bases 



^Reprinted by permissbo of Earlbtm College Press, Inc., copyrtght owner. 
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E>35 lodictton ud G»mnte Acid-Baie 
F«in 

E-36 The Sodiom Hjdroxide*H 7 drochloric 
Add System 

CHAPTER'XVII (Time>and 
Cheaaical Change) 

B-3? The Magnerinm-Hydrochloric Add 
System 

E-38 Ky^lysisofEstets 

CHAPTER XVIII (Water) 

E-39 TheThermal Decomposition of Hydrates 
E-^ TheStrnctoteofa&Iudon 
E^l SynthesiscfaDetetgent 



Grot^ III E^ferments 

E ^2 ThelonicNatnreof'aGroupofCfalorides 
E^5 The MagnesiuntCopper Q]Q Snlfiite 
System 

The S^tems of Alkali Cilorides and 
Sodinm Bicarbonate 

2^5 The Isolation of Sodium Choride 1 rom 
Rock Sale 

E^6 The Erepaiation of Boric Acid 
E-47 Yolume Qianges and Solutions ' 

The Decomposition of Acetone 
E-49 Halogens and Halogen Compounds 
E-SO Chromatography 
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APPENDIX C. CHEiVGCAI EDUCATION MATERIAL STUDY 



1. Laboratory Mkiual 



CONTENTS 



LABORATORY INSTRUCTIONS 



LABORATORY REPORTS 



EXPEIIMENT 



Part I Observation and Interpretation— Predsica pf Measurement 

1 Sdentific Observation and Detcriptitxi! 

2 Observing Regularities 

3 The Melting Point of a Pure Substance 

4 Chemisttj^ a Candle 

3 Heat Effects 



Part n An Overview of Cfaemisttjr— The Mole Concept— Avogadro’s Prindple— Solutions 
6 The Reaction of Solid Copper with a Solution of Silver Nitrate 

The Empirical Formula of a Compound 
The Formula of a Hydrate 
Mass Rdatiqnships in a Chemical Reaction 
Comparing the Weights of Gases 

The Relation Between the Weight and Volume of Hydrogen 
Scmie Aspects of Soluhili^ 

Reactions Between Ions in Solution 



8 

9 

10 

11 
12 
13 



Part HI hivestigation of Chenucal Reactions 
14 A Studj of Reactions 

The Heat of Rcattion 
A Stodj of Reaction Rates I 
A Study of Reaction Rates H- 

Applying Le Chatelier’s Principle to Some Reversible Chemical Reactioas 
Chemical Equilibrinir. 

The Heat of Some Add-Base Reactions 
Indicators and theDetetmlnarion of an lonizarion Constant 
A Quaotitarive Titrarion 
An Introduction to Ozidatioa-Redacticn 
Electrocbemical Cells 
Ionic Reactions 



15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 



APPENDIX 



A-l 

A-2 

A-3 

A-4 



A-5 



Description of a Bnming Candle 
Laboratot 7 Techniques - 

Measurement-Metric System ^ ' 

Some Mathematics U^l in ChemistiT— Exponents, Adding Equations, Graphing 
Relationships 

Precision in Measul'emeo^Experimental Errors 
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2. Qiem Study Films 
(Febnuiiy,''l963) 

Distribute by Modem Learning Aids, 3 East 54th Street^ New York 22, .N. Y^ 
to whom inquiries regarding prices should be directed. 



GASES AND HO\7 THEY 
COMBINE 

Collaborator: Professor George C 

Pimentel, Unirersicj of Cafifcmia, 
Berkelej. 

This film prorl<fet experimenul evidence 'for 
Avogadro’s 'ijrpotbesis. First, some properties 
that*distir.gni^ gases ate shown. Then, the 
Tolome of ammonia and hjrdrogen chloride 
that combine are measured qaantitadvelj. The 
volume ratio is found to be 1.0. In a similar 
way, simple integer volume ratios are mea- 
sured for the combination of hydrogen and 
oxygen, of nitric oxide and oi^gen, and of 
hydrogen and chlorine. These simple integer 
ratios lead, logically, to Avogadro's Hy- 
pothesis. 

#4103 22 minutes In color 

CHEMICAL FA MIT.TRS 

Collaborators: Dr. J. leland Hollenberg, 
CH£M Study Sniff, and IVofessor J. 
Arthur Cam|^ll, Harvqr Mudd College, 
Qaremont, California. 

Starting with a display of actual samples of 
over 70 elements, the film demonstrates 
methods by which chemical similarities among 
the elements have provided the basis for divid- 
ing them logically into famUiet. By experi- 
ment and observation} the metals, the non- 
metals, and doubtful elements are grouped. 
Experimentally it is shown that some of the 
gases are chemically reactive and so&e t£c 
inert. The fict x!ut elements vdth atomic 
nombers one less and one more than the atomic 
numbers of the inert gases are reactive, pro- 
vides the cine for finding the halogen and nUf«l« 
metal families . The film demonstrates how 
atomic numbers have provided the Ic^ to the 
ordering of the elements in the periodic tables 
#4112 21 minutes color 

VIBRATION OF MOLECULES 

Collaborators: Professor Lious Pauling, 
and Fto£»sor Richard M. Badger, Cali- 
fornia lostitnte of Technology, Pawdena. 
Produced in cooperation with the 
American Chemical Sodety. 

All a n im a ti on. The film shows the rriarionship 
betvreen the structure of a molecule and its 
vibratiooal morions. Water, carbon dioxide, 
and methane are discussed in detail. The forms 



of the vibrations have been accurately calcu- 
lated fixim spectral data. All vibrations have 
been slow^ down by a factor of 10“. The 
effect of molecular collision, or absorprion of 
light, on molecular vibrarious is illustrated. 
Determioatioa of the number of possible 
vibrations and the analysis of complex vibra- 
rioht io terms of simple hannouic motions are 
explained. 

#4118 12' minutes In color 

INTRODUCTION TO REACTION 
KINETICS 

Collaborator: Professor Hemy E 3 rring, 
University of Utah, Salt Lake Gty. Pro- 
duced in cooperation with the American 
Chemical SocMty. 

All animation. The film illustrates tilre mech- 
anisms of some simple chemical reactions. It 
explains the effect of temperature, acrivation 
energy, geometry of collision, and catalysis 
upon the rate of reaction. The reaction between 
hydrogen and chlorine, and hydrogen and 
iodine ate used to illustrate the concepts of 
the film. The speed of the action has been 
slowed down 1^ a factor of Itf*. Potential 
energy curves clarify the relationship between 
the ener^ required for r reaction to occur and 
the relative position of the reaction particles 
before, during, and after the collision. 

#4121 13 minutes In color 

EQUILIBRIUM 

Collaborator: Professor George C. 

Pimentel, Universlt<' of CaUfornia, 
Berkeley. 

The ^ deals wtii thtt? questiLUs; What is 
chemical equ'’ihrinm? How does »Jie chemist 
recogoiae it: How does he. explain ifi In 
answeru^ the questions the film stresses the 
djmamic nature of eonilibrium. Radioactive 
i^ine tracers are used to demonstrate the 
dynamic molecular behavior of the substances 
at equilibriom in a closed ^em. An analogy 
in terms of fish popnlatioa in two connected 
bowls, and animadoo nsfog molecular models, 
present the concepts with strikieg rjnpiidty. 
#4124 24 minutes In color 

CATALYSIS 

Collaborator: Professor Richard E. Powell, 
Univeisity of Califuruis, Berkley. Fro- 
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daced in coopeutioa with the Maca£«> 
toting Chemists* Assodidcn. 

*rhe film emphasises that catal/sts are tjpical 
chemical reactants, being nniqoe onlj in that 
Catalysts are regencral^ during the reaction. 
It demonstrates and interprets three simple 
^taljzed^ reactions: the decomposition of 
formic acid, using sulfuric add as catalyst; the 
reaction between hydrogen and oxygen, using 
pure pladnnm as catalyst; and the reaction 
between addified benzidine and hydrogen 
peroxide using perioxidase in human blood as 
catalyst. Animation shows what takes place 
on the moleculsr level in a catalyzed reaction. 
Potential energy curves show the relationship 
between unca^yzed and catalyzed reactions.^ 
#4127 17 minutes • In color 

ACID-BASE INDICATORS 

Collaborator: Professor J. Arthur Camp- 
bell, Harvey Mudd College, Claremont, 
California. 

Proton-donor acceptor theory is used to in- 
terpret the experimental behavior of add-base 
indicators. Experiments and animation show 
the effects on indicators of changing addity. 
Equilibrium constants of four indicators are 
. determined and the indicators arranged in 
order of decreasing 'add strength. The com- 
petition among bases for protons is shown by 
mixing the indicators and showing that each 
changes color at different total acidi^. 

#4130 19 minutes In color 

NITRIC ACID 

Collaborator: Professor Harry H. Sisler, 
Univerdty of Florida, Gainesville. Pro- 
duced in cooperation with the Manufac- 
turing Chemists* Association. 

With live action and animation the film applies 
fundamental prindples to the descriptive 
chs^tty of nittic add. It demonstrates how 
nitric add may act as an add, as a base, and 
as an oxidizing agent. The addiqr of citric 
add is shown in its reactions with water and 
ammonia. The mechanism of nitric add as an 
oxidizing agent is discussed in terms of electric 
cell potentials, rates of reactions, and’aoiva- 
don energies. Animadon using molecular 
models, aedvadon energy carves, and poten- 
tial energy diagrams graphically clarifies the 
concepts of the film. 

#4136 18 minutes In color 

MOLECULAR SPECTROSCOPY 
Collrboratori: Professor Bryce Crawfotd, 






CHEM STUDY FILMS 

Jr.,' and Dr. John Overend, Universiqr or 
Minnesota, Minneapolis. 

This film uses laboratory experiments, molec- 
ular models, and animadon to show d-tails 
of Ae infi:a-red light absorption [x’oeess and , 
its feladon to molecular properdes. *rhe film 
stresses the concept of natural vibrational 
freqnendes in molecules. Further, it demon- 
strates the use cf the infra-red spectrum in 
identifying molecules and determining their 
molecular structure. 

#4142 23 ihinutes In color 

IONIZATION ENERGY 

Collaborator: Professor Bruce H. Mahan, 
University of California, Berkeley. 

The filni presents two methods of measuring 
ionization energy: photo-ionizadon, and elec- 
tron bombardment. A high vacuum system is 
used vnth a simple conduedvi^ cell. Ths 
photo-ionizadon of sodium by the use of a 
mercury light source and monochromator is 
carded out. The electron bombardment method 
is then demonstrated with sodium apd three 
inert gases. Animadon shows whac oeq^ on 
the atomic level during the ionizadon process. 
Reladon of ionizadon energy to demical •>- 
reactiviqr is explaine<l. 

#4151 22 minutes In color 

SYNTHESIS OF AN ORGANIC 
' COMPOUND 

Collaborator: Professor T. A. Geissman,' 
University cf California, Los Angeles. 

*Fhe film shows the ^thesis of 2-butanone, a 
ketone, from 2-butanol, an alcohol, as an 
example of a common type of organic ^thesis. 

It discusses three basic steps: synthesis, puri- 
ficadon, idendficadon. In Ae ^thesis, 
2-butanol it oxidized by sodium dichromate 
and sulfudc odd to yidd 2-butanone. Puri- 
fication is accomplish^ by solvent extra :don, ' 
followed by distilladon of the 2-butanone. 

The' idendty of the product is established by 
forming a solid dedvadve of the 2-butanone 
and determining its mddng point, and is 
confirmed.lfy infra-red spectroscopy. 

#4163 ' p. minutes In color 

FILMS IN PREPARATION 
GAS PRESSURE & MOLECULAR 
COLUSIONS 

Collaborator: Professor J. /xthnr Camp- 
bell, Harvey Mudd College, Claremont, 
Califbenia. 

The film explores the teladondiip between 
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gaseons pressure and molecnlar collisions. The' —• 
effects of var7ing the number of moL.ules per 
unit of volume and of vaiying the temperature 
axe studied. The experimental stndy of the 
relative rates of effusion of hydrogen, oxygen, 
carbon dioxide and snlfur-hexafluoride leads to 
the quantitative relationship between molecu- 
lar weight, molecular velodsy and absolute 
temperature. Mechanical mod^ illustrate the 
experimental observations. 

#4106 Black & white 

CRYSTALS: PROPERTIES & ' 
STRUCTURES 

Collaborator: Professor J. Arthur Camp- 
bell, Harr^ Mudd College, Garemonc, 
Calffbmia. 

Crystals have plane faces, sharp edges, sharp 
mdting points, and may cleave easily to give 
new plane surfoces. Ctystals also interact with 
x-tAys to produce well-defined diffraction 
patterns. Such properties lead ns to believe 
that oystals are composed of regular, repeating 
atrangements of. atoms. The film raises the 
question of how we actually discover these 
arrangements. Experiments are then performed 
in a ripple tank on an unknown crystalline 
array so that the student sees the pr ..dples 
and measurements by which actual crystal 
smictures are determined. 

#4139 Black & white 

SHAPES & POLARITIES OF 
MOLECULES 

Collaborator: Professor David Dows, 
University of Southern California, IU)s 
Angeles. 

Observations of electrical effects, including 
deflections of a stream of falling liquid by an 
electrical^ charged rod, lead to the concept 
of molecule polarity. Covalent substances 
give two types of resula: some show very 
marked interactions with electric charges, 
while others give little effea. A model, or 
concept, is developed, based on polar and non- 
polar molecules. Considerations of bond 
polarity and molecular symmetry correlate the 
elsctri(^ effects and their ch.ange as tempera- 
ture is varied. The molecnlar dipole model is 
extended to explain differences in tolubiliqr, 
conductivity and chemical reactivity. 

#4154 In color 

MECHANISM OF AN ORGANIC 
REACTION 

Collaborator: Professor Henry Rapoport, 
University of California, Berkelqr. 



A thorough study of the hydrolysis of an 
organic ester shows that the discovery of a 
reaction mechanism— the actual steps by 
which a reaction proceeds— includes a de- 
termination of: CO The chemical-, equation,. 
(2) The structures of the reactants and the 
products, (3) The fate of each atom of the 
reactants, and (4) The structures of the inter- 
mediate molecules. The concepts of bond 
polarity and tHe effect of varying structures 
of one reactant also provide valuable hints. 
The use of and its detection on the mass 
spectrometer provide critical experimental 
data for the particular mechanism of ester 
hydroljrsis. 

#4166 In colo:: . 

BROMINE CHEMISTRY . . 

G)lbborator: Dr. J. Leland Hollenberg, 

CHEMSradyStaff. 

Experiments show the great reactivity of 
bronune with metals and ‘non-metals, giving 
products readily soluble in water. After ex- 
ploring the chemical equilibrium of an aqueous 
solution, a procedure is developed for the 
extraction of bromine from a dilute sodium 
bromide solution such as sea water. The 
essential steps are: oxidation by chlorine to 
elementaiy broi^e, concentration in the form 
of aqueous hydrogen bromide, and rcoxidation 
followed by steaming-out the bromine. The 
same principles which have been demonstrated 
in the laboratory are then shown in operation 
in a commercial plant which annually extracts 
millions of pounds of bromine from sea water. 
#4169 Incolor 

VANADIUM, A TRANSmON 
ELEMENT 

Collaborator: Professor Robert Brasted, 

Professor of Chemistry, Universigr of 

Mirmesota, Minneapolis. 

Vanadium is studied as a typical transition 
element The- different oxidation sutes of 
vanadium and their colors £xe observed and 
then identified by means of a quantitative 
titration of vanadium 00 solution with 
cerium OV) solution. The oxidation states and 
the observed colors are correlated with the 
electronic structures using an orbital board. 
The formation of complex ions containing 
vanadium in different oxidation states is 
demonstrated. The variations in properties in 
terms of ion size and charge density are dis- 
cussed. 

#4172 In color 
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APPENDIX D. BIOEOGICAI. SCIENCES CUBSICULmi STUDY 

\ 

1. High Sdiooi Biolo^:. -iSreen Version — The Laboratory 

(1963 Edition) 

CONTENTS 

* \ • 



CHAPTER 1 






Basic 


Ex 1.1 


Observing Livii^g Things 


Basic 


Ex 1.2 


An Experiment: The Germination of seeds 


Basic 


Ex 1.3 


Interrelationships of Fcodncers and Consumers 


Basic 


Ex 1.4 


Use of the Microscope: Introdncdon 


Basic 


Ex 1.5 


Use of the Microscope: Biological Materials 


Optional 


Ex 1.6 . 


Use of the Stereoscopic Microscope 


CHAPTER 2 




♦ 


Basic 


Ex 2.1 


Population Giovsth: A Model 


Basic 


Ex2.2 


Study of a Teast Population 


Basic 


• Ex2.3 


Faaors Limiting Populations 


Optional 


Ex 2.4 


Effect of an Abiotic Environmental .Faaor on a 




Population 


CHAPTER 3 






Basic 


Ex 3.1 


The Study of a Biotic Communi^ 


Optipnal 


Ex 3.2 


Competition Between Tto Species of Plants 


Highly Rec. 


Ex 3.3 


A Comparative Study of Habitats 


CHAPTER 4 






Basic 


Ex 4.1 


Structural Characteristics in the Qassihcation of ilnimals 


Basic 


Ex 4.2 


The Levels of Qassihcation 


Highly Rec. 


Ex 4.3 


A Dichotomous Key for Identification of Insects 


Highly Rec. 


'Ex 4.4 


Diversiqr in the Animal Kingdom: A Comparative Study 


CHAPTER 5 




, 


Basic 


Ex 5.1 


Diversity in the Plant Kingdom 


Basic 


Ex 5.2 


Diversity in the Angiosperms 


CHAPTER 6 




' 


Basic 


Ex 6.1 


A Garden of ‘‘Microorganisms’' 


Basic 


Ex 6.2 


Experiments on Spontaneous Generation 


Highly Rec. 


Ex 6.3 


Miaoscopic Study of Bacteria 


CHAPTER 7 


Basic 


Ex 7.1 


Decomposing Action of Soil Microbes 


Basic 


Ex 7.2 


Some Microbial 'Techniques 


Basic 


Ex 7.3 


Investigating an Infectious Disease 
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•> 

A 



• BIOLOGY (GKEE^r VERSION) 



HighlyRec, ■ 


Hr 7.4 


Optional, 


2x7.5 


Optional - 


Ex 7.U 


Optional 


Ex.7.7 . 


CHAPTER 8 


• 


3asic 


Ex 9.1 


Basic 


Ex 8.2 


Hi^yRec. 


Ex 8.3 



Nodtilc-Foroun^ Bjicterit 

• Growing Soil Microbes by the "Mod Pie" Technique 
Soil Nematodes 

The Abundance of Air-Bome Microorganisms in Various 
School Environmeats 

' ' ' . ' 

Limiting Factors in’Distribution 
Temperature, R a infal l and Biome Distribution 
Effects of Fire on Biomes 



CHAPTER 9 

Baric 

Highly Rec. 
.Highly Rec. 
HighlyRec. 

Highly Rec. 



A Field and Laboratory Study of a Pond Community 
Making and Studying Artificial Pond Ecoqrstems 
Effects of Salinity 

CoUecticn and Identification of Marine Plapkton or 

(^Ifection and Identification’ of Marine Organisms 
Salimiy and The Brine Shrimp 



CHAFim 10 



No Laboratory Exercises 



CHAPTER 11 

Highly Rec. Barriers and Dispersal 



CHAPTER 12 

Basic 

Basic 

Basic 

Basic 

Highly Rec. 
Highly Rec. 

CHAPTER 13 

Baric 

Highly Rec. 
Basic 

Highly Rec. 
Baiic 

Highly Rec. 
Optional 



Organization and Activities of Protoplasm 
Diversity of OjUs 
Diffusion through a Membrane 
Mitosis 

Detection of Organic Substances 
A Study of Enzyme Action 



Extraction and Separation of Pigments from a Green Leaf 
Food Reserves in Plants 
Loss of Wattt By Plants 
Transport of Phosphates in Plants ■ 

Acdui of a Plant Emyme 

Plant Hormoues and Mechanisms of Phototropisms 

Algae and Fungi 



CHAPTER 14 

Basic 

HighlyRec. 

Basic 



Anatomical Structures and Physiological Processes 

M ain t ai n ing Water Balance 

Muscles and Locomotion—Muscles at Work 
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BIOLOGY (GREEN VERSION) 



HifbljRec. 

Opdooil 

HigbljRec. 

Basic 

HijbljRec. 

Ppdooal 

CHAPTER 15 

Basic 

Basic 

Highly Eec. 

Opdooal 

Highly Rec. 

Optional 

O^onal 

Clonal 

CHAPTER 16 

Basic 

Basic 

Highly Rec. 

Basic 

Thuic 

Highly Rec. 

HighlyRcc. 

Optional 

Clonal 

Basic 

HighlyRec. 

Optional 

Opdonal 

CHAPTER 17 

Basic 

Basic 

HighlyRec. 

HighlyRec. 

HighlyRec. 

Optional 

Clonal 

Optional 

CHAPTER 18 
HighlyRecv 
Basic 

HighlyRec. 

Opdonal 

Opdonal 

HighlyRec. 



Capillaiy Circoladca 
Tesdng Foods for Vitamin C 
Hydrolysis of Fats 
Oiemocec c pt c Ts in Man 

The Amoonc o£ Carbon Dioxide Frodoced by Man 
Reladooship of Radiadon Inpty to Metabolic Rate 



Mdosis 

Dgrelopm^t of Chick Embcyo or Frog (as altemadre) 
Regeoeradon in Planaria or Plants (as altemadre) 
Growth Cnnre 

Repcodocdoo and Derelopmenc in Flowering Plants 
Reprodocdoo in Ferns 
Reprodncdon and Life History of Pine 
The Effects of X'Radiadoa OQ Seeds 



Frobabnity 

Herediqr and Ennioomeoc 
How Genes Act 

Distingaishing Blale and Female Drost^diila 

A Cross Betw^ Two Genedc Strains of Drosophila 

AT^Cross 

lodepeodent Inheritance 

Linkage and CroniogOrer 

Sex linked Inheritance 

Homan Inheritance 

Genedc Differences in Feas 

Neurospora-^)etecdog Notridonally Defident Strains 
Nenrospora-- The Procedote for Crossing Strains 



A Popoladoos Genedcs Study 

Popolarions and BTolodon 

Sickle Cellt and BTolodon 

Biological Distance 

Bfiea of Popoladon Size 

lodocdon of Polyploidy 

Adapdre Radiadon and Coorergent BTolodon 

Compeddon in a Lsboratocy Envirooment 



Photoperiod and Plant Behavior 
Ihtrodocdon to Animal Behavior 
light Intend^ and Fruit Fly Movement 
Paramecia and Electrical Srimoladoo 
Social Relationsh ip s in Fish 
Tropisms 










iERiC 



BIOLOGY (GREEN VERSION) 



CaiAPTER 19 

£asic 

Opdoiul 

Btsic 



Hnoua Fecolurities 

SlntUs of Maa tnd Other Ccinutes 

Blood Types 



CHAPTER 20 



No Lahotatoty Ergcitec 



NOTICE: 



This list is NOT to be constrned as the official or final Est of in "esdga- 
dons to be included in the revised commercial edidons of BSCS Biology. 



A final and official list will be published and distributed firom the 
Boulder office of BSCS as soon as every revised invesdgadon for all versions 
and the four commercial blocks are complete. 



JRS/qe 
BSCS (671) 
3/12/63 
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2 . High School Biology; Yellow Version— The Laboratory 

(1963 Edition) 

CONTENIB 



SECTION A 



Snpp. 


Ex 1-1 


(New) 


Supp. 


Ex 2-1 


(old 25) 


Basic 


Ex 3-1 


(oldl) 


Basic 


Ex 3-2 


(old 2) 


Basic 


Ex 3-3 


(old 4) 


Basic 


Ex 3-4 


(old 5) 


Basic 


Ex 3-5 


(old 7) 


Basic 


Ex3-6 ' 


(old 9) 


Snpp. 


Ex 3-7 


(old 10) 


Basic 


Ex 3-8 


(old 11) 


Snpp. 


Ex 3-9 


(old 3) 


Snpp. 


Ex 4-1 


(old 21) 


Snpp. 


Ex 5-1 


(new) 


Basic 


Ex 6-1 


(old 13) 


Snpp. 


Et6-2 


(oldM) 


Snpp. 


Ex 6-3 


(old 16 ) 


Basic 


Ex6^ 


(old 18) 


Snpp. 


Ex 6-5 


(old 19) 


Basic 


Ex 6-6 


(old 20) 


Basic 


Ex 7-1 


(old 23) 


Snpp. 


Ex 8-1 


(old 47) 


SECTION A. Total 21. (11 B 


SECTION B 




Basic 


Ex9-i 


(old 24) 


Basic 


Ex 9-2 


(old 26) 


Basic 


Ex 10-1 


(old 29) 


Supp. 


Ex 10-2 


(old 32) 


Basic 


Ex 10-3 


(old 30) 


Basic 


Ex 11-1 


(old 44) 


Snpp. 


Ex 11-2 


(old 37) 


Basic 


Ex 11-3 


(old 45) 


Basic 


Ex 11-4 


(old 50) 


Snpp. 


Ex 11-5 


(old 40 



A Biological Problem— Malaria 

Earljr Experiments in Spontaneous Generation 

Using the Compound Microscope 

Microscope Measurements 

rvilt as Robert Hooke First Saw Them 

Living Plant Cells COnion Epidermis^ 

Living Plant Oil* with Chlotoplasts 

Varieties of Animal Cells 

Living Single Celled Organisms 

Generalized Cell Structure 

Types of Microscopes 

An Introduction to Some Basic Functions 

The Analysis of Water 

DiSnsion Through a Membrane 

Activities of the Cdl Memb rane 

The Dctectioa of Some Sptdfic Compounds in Cells 

Entymes in Living Tissue 

Em^e Action on a. Protein 

Factors Influencing Enryme Action 

Mitosis in Plant and Animal Cells 

Helpful Bacteria— The Nitrogen-Fixing Bacteria 



An Introduction to Miaobiological Techniques 
A Garden of Micecorganisms 
Staining and Observing Bacterial Cells 
Distribution of Microorganisms 
Dilution and Pure Cultures of Microorganisms 
Antibiotics and Bacteria 
Temperature and Microorganisms 
Digestion of Food by Microorganisms 
Bacterial Populations in Milk 
Fermentation of Sugars hj Yeast and Bacteria 



SECTION B. Total 10. (7 Basic, 3 Supplementary^ 



SECTION C 






Basic 


Ex 12-1 


(old 108) 


CoQiparisoo of Plants—Simple or Complex 


Snpp. 


Ex 12-2 


(old 12) 


E^cp^ments with Slime Mold 


Supp. 


Ex 12-3 


(old 109E) 


Gfowiog Moshrooms 
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« 




0 


1 


i 

BIOIOGY (YEUOW VERSION) 


I 

t 

i 

( 

I 

1 






Btdc 


Erm 


(old lllB) 


(Steen A!j;ac, Simple sod Complex 








Buie 


Ex 14*1 


(oUmB) 


Altetnstka of Geaeratioos 


« 1 






Sapp. 


Ex 14*2 


(old 113) 


A EciffikiTe Vaacalar Kant 








Bniic 


Ex 14-3 


(old 114) 


The Lqx>rtsace of Seeds 


\ 






Banc 


Ex 15*1 


(old 84) 


Tbe Escractioo and Separation of Pigments in a Green Leaf 








Bask 


Ex 15*2 


(dd86) 


Cbloropfajll sod Fbotosjrotbesis 






I 


Sopp. 


ExlS-3 


0)U88) 


l^t— A Factor in CarMjdrate S/nthesit 






1 

1 


Sqip. 


Ex 15-4 


(old 91) 


Tbe Stonur-A Gstewsj Into The Leaf 






1 

! 


S(^ 


Ex 15-5 


(old 92) 


Tbe Leaf —A Fhoto^thetk Orgao 








Sapp. 


Ex 16-: 


(oid93> 


Tbe Steffi— Stroctofe sod Fooetko 








Sopp. 


Ex 16-2 


(old 95) 


Tbe Root— An Aid to Flaae Kattidoa 








Bask 


Ex 16-3 


(old 96) 


Traospiratioa in Plants 








Sapp. 


Ex 17-1 


(oId99B: 


The Flower 








Sapp. 


Ex 17-2 


0>IdllO 


A Simple Kqr to Stodj DiHerences in Flowering Plann 








Basic 


Ex 17-3 


(old 100) 


Seeds aod How thejr Grow 








Basic 


Ex 17-4 


(old lOSB) 


Plant Reactions to EaTiroameat ■«. 




- 




Snf^ 


Ex 17-5 


(old 10?) 


The Regiolaekn of Growth in Plants - ^ 






' 


SEcnc»;r c Total 


20 0 Basic, 11 Sapplementaty) 






I 


SECTION D 










. 


! Bask 


Ex 19-1 


(old 52) 


Correlatioa of Stroctore aod Fonctioa in Parameciam 




• 




1 Banc 


Ex 19-2 


(old 53) 


ufoTement of Paramedam 








1 Basic 


Ex 19-3 


(old 54) 


logestka of Food and Digestion in Paramedam 


9 






' Basic 


EZ19-4 


(old 55) 


A Stodf of Contractile Vacaoles in Paramedam 








i Bask 


Ex 19-5 


(old 50 


Bduvioc in Paramedam 








; Bask 


Ex 19-6 


(old 57) 


Repcodoctioa in Paramedam 


. ^ 






! Sapp. 


Ex 20-1 


(old 60) 


Worm Waj of Life 








Sapp. 


Ex 20-2 


(old 61) 


Animals with Jointed Appendages 








Sopp. 


Ex 20-3 


((dd64) 


Form sod Fonctioo in the Frog 








Basic 


Ex 204 


(old63A) 


Prindples of Animal Classification 








Sopp. 


Ex 21-1 


(67Koe) 


Digestion of FbodstoBs 








Sapp. 


Ex 22-1 


0>ld68) 


The Livkg Inverttixate Heart 








Sapp. 


Ex 22-2 


(old 67) 


Capillary CarcalatioQ 






' 


So{^ 


Ex 23-1 


(old 73) 


Tbe Prodaetkn of Carbon Diodde in Homan Beings 








Sai^ 


Ex 24-1 


&ld70 


Hon^ostasis ai^ The Homan Sidney 




< 




Bask 


Ex 25-1 


(old 77) 


ictrodoctioo to Animal Bdtavior 








Sapp. 


Ex 26-1 


(old 79) 


Regulation of Contraction in Cardiac Mnsde 0>eart) and 














Smooth Moscle (stomach) 






V 


Bask 


Ex 27-1 


(old 117) 


Effects of tbe Rep^octive Hormones on Secondary Sex 




* < 




1 






Characteristics 








Bask 


Ex 28-1 


(old 118) 


Reprodoction aod Derelopmeat of the Frog 








Sopp. 


Ex 28-2 


(old 119) 


Chick Development 








Sopp. 


Ex 29-1 


(old 120) 


Rtgeoeration 








SECnON D. Total 21. (10 Basi^ 11 Sopplemeotatj) 
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SECTION E 












Ba^ 


Ex 30-1 


(old 123) 


Droaophila Techniqoe 








Bask 


Ex 30-2 


(old 126) 


Randomness, Chance and ProUbility 
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BIOLOGY (YELLOW VERSION) 



Buie Ex30>3 (ol^llO 

Sapp. Ez3(H (old US) 

Sapp. 2x31-1 (oldUT) 

Sap^ Ex 31-2 (old 128) 

Sopp. I!x32rl (old 131) 

So^ Ex3^2 (old 132) 

Buie Ex 33-1 (old 133) 

£z33-2 (oldU9) 
Buie Ex 33-3 (old 130) 



Tbtt labttiwxe o£ Ooe-Fuctor IXScnoees 
Lidepeadeat DifeRQCu 
linlcage aad Croain^<>Ter 
Sa-Iioked Eiberitaoce 
Gcaetk DiCeiieoces in Feu 
Nntt.aoaal Matantt in Nenraepon 
A Fbpoluioa Genetics Stadjr 
Hnaui Inheritance 
Hce^di^r end Enritoomenc 



FSCn(X! E. Total 11. (6 Buk, S Sopplemenjaij) 



SECnON F 

Sapp. Ex34-1 
Bauc Ex 34-2 

Sapp. Ex 35-1 

Basic Ex36-1 

Snpp. Ex 36-2 



(old 135) Effect of Sdeetko Fretsnte on AUele Frequencies 

(old 130 Sickle Cells and Selection 

(old {Teen 16.3) Bidojical Distance 

(old green 16.D) Adapdve Kadiarion and CoQTergent Erolotion Among 
Bdammals 

(pew) AStodjofFcasilFIants 



SECnON F. Total 5* (2 Basi^ 3 Soppleaeotai]r) 



SBcrnoN G 

Sapp. Ex 39-1 (2.2 green) A Terrestrial Commnnitjr 

Snpp. Ex 39-2 (6.4 green) Ecological Snccession 

'SECnON G. Total 2. (2 Snpjdementaix) 



NOTICB: 

This list is NOT to be constmed sis the official or final list of investiga- 
tions to be included in the revised commercial editions of BSCS Biology. 

A finsil smd official list wiU be published and distributed from the 
Boulder office of BSCS as soon as every revised investigation for all versions 
and the four commerdai blocks are complete. 



JRS/qe 
BSCS (671) 
3/12/63 
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3. School Biology: Blue Version- -The Laboratory 

(1963 Edition) 

CONTENTS 

fallowing is a list of laboratory exercises which appeared in the 
e^wimental revised edition arid vwll be used, in modified form, in the new 
laboratory manual. 



Ex-1 An hitrodoctioa to Labomtocr Work 
'Ex'2 On Obtemog 

Ex-3 a Coatrolled QmitiutiTe Experimect 
Ex-4 Effecti of Variables on the Heartbeat 
ofDapbnia 

Ex-6 Use of the Mboocolar Microscope 
Ex-7 The bCcroscope 
Ex-8 The Stneoccopic Bioocolar Microscope 
Ex-9 Plant and Animal Vatiation 
Er -11 Variatioo in Liviog Tilings 
Ex-12 Natural Selection C^Merred 
Ex-13 Microbes: Where and How They 
' Originate 

Ex-14 Achiitj and Ailcaiinii^ 

Ex- 16 I^roqmthesis 
Ex-18 Formatton of CoacssTste; 

Ex -20 Acdnties of the Cell Mdnbrane 
Ex-21 Q)llander*s Yeast Permeabiliqr Experi- 
ment 

Ex-22 EuTioes in Lixing Tissue 
Ex-23 Effects of Various Factors on Sm^me 
Acdtri^ 

Ex- 24 DiscoTetjrofMutantsiaBacteria 
Ex-27 ExtnKXiooaodExanunatiooofChloro- 
plastPigmeots 

E**28 Demonstranon of Spectrum, Absorp- 
tion, ReSecdon and Transmission of 

Ex- 34 Mitosis 

Ex-35 Problems (^CompIexit]r—~Parameciuni, 
VoItox, Hjrdra 
Ex- 36 Growth Conres 
£x-3S Variaduos in Growth of l^lkn 
Ex- 39 RegeneradoninPlants 
Ex- 41 Regenersdoa in Plaaaria 
Ex- 42 Devdopmeotof theChickEabiTO 



Ex- 54 Adaptadocs of Plants to Photom- 
thesis 

Ei- 55 Absorption of Water and Transport of 
Materials in Plants 
Ex-56 Optllaiy Circaladon 
Ex- 57 Cellular Omiposidon of Blood 
Ex-58 Explorrng a Mammalian Heart 
Ex-63 Mcuming Carbon Dioxide Pradocdon 
in Mao 

Ex-66 HjdroljrsisofFac 
Ex-67 Detecdoo of Organic Nutrients 
' Ex-68 The Siidoey’ Tubule 
Ex-70 Effects of the Reprodocdve Hnrmnnf f 
on Secondarjr Sex Characteristics 
Ex-74 Stbdjr of the Eje 
Ex-75 Cbemoteceptocs 
Ex-76 Reguladon of the Acdviiy of Cardiac 
and Smooth Muscle 

Ex^ The R^guladoQ of Growth in Plants 
Ex-81 Patterns of Growth in Plants 
&t-32 The Stoma: A Reguladre Mechanism 
£x-S3 A Comparison of Metabolism in 
Animals 

Ex- 84 Behavior of a Slime Mold 
Ex-85 Ecoloipcal Succession in a Laboratory 
Envirooment 

Ex-S6 VatiatioQs in Number Cbloroplasts 
per Cell in Different Plants 
Ex-87 Adsptadoo of Bacteria to Varying Salt 
Concentradoos 
Ex-90 FoodChains 

Ex-91 Physical Properties of Kadioacdve 
Materisls 

Ex-92 Effect of Eadiadon on Microorganisms 
Ex-93 Tran^ioct of Phosphate within Plants 
Ex- 94 Accumuladon of Mineral Lms in 
Different Organs of an Antmal. 
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BIOLOGY (BUIE VERSION) 



NOTE.— 

There will be some Isbontoc 3 r studies ngstdiuf Sirosofihils sod genetics «««»»>«» to 
those ia the old book ooder Exercises 3$> 56t sad 37* 



NOHC&— 

This list is NOT to f>e coostraed as die offidsl or fiisai list oSi mtest^tioos tobeiododed 
in the revised conunetdal edidoQS o£ BSCS Bwlogf. 

A final and official list vrill be published aad disttibattd from the Boolder of 
BSCS as soon as evetj revised icTcsti g atiottfisr all TccsioosAf^d die fijar commercial bloctfe 
are complete. 



JRS/ecI 
BSCS (671) 
3/12/0 



APPENDIX E 

GENERAL BBEESENCES 



Afliericta Assodtdoa fcr tlie Advaocefi^ ^ Scins^ xoi Ameriom Astocudoo of 
CoSkses for Teacher Hdoccdoo, Frtffmt i» Amirkm 

Sdmh. A report of the Joint Coionfidoo ee else£j«C£tfoa of Teachers of Science and 
Mathemsrics, Waihiogtoo, D. C, I960. 

Americao Insdtaa of Physics, Pi^dicr im Ymr WjJt Ssk$l, A Handbook for the 
IninroTemeflc of Physics Coories. New Yorl^ Loodoo, Toranto: McGraw Hill Book 
Co., Joe., 1960. 



Arons, A. B. *Tke New Hi^ Schod ¥bjda Coarse,** Fijtks Jxxat, 1960 

Beyocs, John and Bagsss Stanley. Swkdl Stima fir Sdnlt. ATaulahle from 

Edocado^ Fadlides Laboratories, 477 Madlsoa .ire.. New Tcrk 22, New York. 

BSCS High School Biology. B&w Sdmeu: hUrntJu H Mas. 

Boston: Foa^toa*Mifflm Cotnpaiqr. 

Gtm Vtrtm—Higjk SdM BUUgj. Chicago: Rand hCdfally & 

Company. 

- Y$itmVmi»it^^thifidS(hita:A»lMffttijIitt 0 lifi. New York: 

Haicoort, Brace & World Compiuqr. 

Laboratory Block 3 -*P/«w Grrwtl mi DtnUfmmt; Aimd 

Gnwth mi Dtfit p mui f ! Mtenhs: TUr Crm t it Nstritim mU bttrmtm; and IsMr* 
iiftaimtifStrKtwrimiFsmctim, And Bf if m mt miTtdnJpu ftrthr BUffgy TucUtg 
Laicnmy. Boston: D. C. Heath and Coapatgr. 

Tu^’s BmiMt-~Bitlt^ Tmhr'r HmUttk. New York: 
John Wil^ & Sons, Inc. 

- Liiltffid LmstifiiHms ftc- S$ct»iKy Sdttl S^fimtt—Frinirdi 
IVsIJbiw M BMgy /w /fo* iVk«i!r. New York: Dcobleday & Compaigr. 

Braner, Jerome S., Tie Cambridge: HimrdUaiTertityPeett, 1960. 

The CBA texdx)ok will be pnbliihed by McGnw>Hill Book Co., Inc. onder the dtle 
Ckm k r l Sjsttmt aaiibelAontoiy gtairvaiesAititlelmutig^i C iimi cMJ Sjtfmt. 

Cb eni ca l Edocadoo Material Stody, I jitta H rj 3 £ iw M7 C3rd cd.)Tatt and Lahowtoty 
Mannal nssilable W. H. Pteecnan Co., San Pnnciico in Aogos^ 1963. 

Conans Janes B., Os Utirn t m iki Sdmt. New HaTco: Yale UniTersity Press, 19S1. 

Glass, Bend^, *'Perq»cdTes: A New Hi^ School Biology Pn>gratn,** Amrkm 
Stkatisttf V<d. 49, No. 4, December 1961, pages 3^531. 

Goldstdn, Philip!, N«w t$Drm Exfir b rn t . New Yod^ Chicago: Harcoart Brace A 
Co., 1957. 

Hano, Robert Ri^, Sdmc$ h Gm rt l BimMkK, Daboqne, Iowa; William C Brown, 
I960. 
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GBNBRAL REFERENCES 



H«]r, NdiosB., !!% rUMnSdtmUKmlm, OUcsfoiTheUaiTeniiyofailctso 
Pre»,196a 

Kotd, £tnl D^ler^ BUU^cd BAtuHm i» Amirkm Stmimj Sdktls lt 90 ~lM. Bio* 
logical Sdcflcea CBtricalGS Stodj BaUetio No. 1, Aavticaa Inmente of Biological 
Sdencss. Bcltinwce: Wamlj Fresf, loc., 196L 

Gniber, Rodi, Sti mam i th Ntm HtHm. New Yoric: Basie Bodes, loc., 1961. 

Joseph, Braodweii^ Nbriiol^ Pollack and Castries, A SmaMtftrth$ tfyskd Sdm$j. 
New Tod^ Barlingaaie: Harcour^ Brace t: Worl^ loc., 1961. 

Koppelmaa, Riqr, Ik Ntm Pitsc Seiaester Scodj Goide. Rcadiog, Massachosetts 

aod Loodoo, Eo^iod: Addisoo*WesIqr PoUishiog C6., loc., 1961. 

Martin, W. Edgar- Fudlitkt mi TUtfmmmtfs fir Stimi mi Mrfiumtkt. U. S. Dept. 
HEW, Office of Edoouion, OE*2100(^ Goremineoc Pciotiog Office 1960. 

Mbrhol^ Brandwein and Joseph, A SmraMi fir tk BkUgkd Sdnmt. New York: 
Harconre, Brace k. Co., 19S8. 

Nagd, Ernest^ TAr Stnetmn if Samcit Koblenu in die Logic of Scientific Explanation. 
New York: Hatcoor^ Brace & World, loc, 1961. 

National Acadenqr d Sdences— National Research Conncil Committee on Edocational 
Policies of the Biologf Conodl, Jmfnmg CtlUff BMtgj TswAorg. Washington, D. C: 
NAS/NRC, 1957. 

National Academj of Sciences— Nations^ Research Council, Lrkrrtsry mti F^U 
St»iiu k Bkhut A Sourcebook Secooiasy Schools. New York: Holt Rinehart & 
Winston, Inc., 1958. 

National Associatioo of Secondat}- School Principals, Tit Bs//M», Vol. 44, No. 260, 
December 1960. 



National Science Teachers Associadoo, Sdiil Frdlitm fir SvkKf Lutmtmf. The 
Nadonal Science Teachers Assodadon, Washington 6, D. C, 1954. 

Nadonal Sode^ for the Studj of Edneadon, Fitkakki Samu Eirutim. Chicago: 
UniTersity of CMcago Press, 1960. 

Palmer, R. Ronald aod William M. Rioe^ Lrkrstiriit mi CUi s r u m fir Higji Sdiii 
Fbyskst A Report of the American Insdtote of Phjsics Project on Design of Phjsics 
Bnildiogs. Available from Edocadonal Fadlides Laboratories, 477 Madison Are., 
New York 22, New York. Report is a reprint of Chapter 12 of Miimi Fhjtkt Buifikff, 
New York: Reinhold Publishers, 1961. 

Panling, Linns, Tk Nitm ^tk Ckm kr l Bmi. Ithaca, New York: Cornell Univerdqr 

P^ 1960 . 

Popper, Karl R., Tk if Sdm^ Dimtiij, New York: Basic Books, Inc., 1959. 
Phjrsical Sdence Stndj Committee, Lak m uy GuUifir Fhjikt. Boston: D. C Heath A: 
Co., 1960. 

Physical Sdence Study Committee F^jtkt. Boston: D. C Heath & Co., 1960. 
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GENERAL REFERENCES 



ReichenbKii, Htt», TitSitttfSd^pFUUttfh- Bcrkdej aclx» Angeles- UniTHsitr 
of Cdifbrnu Frets, 19S3> 

Wtn^, Joicph W. sod Edward B. Fij, •'Current TeadiinrMachifle ^ 

Yedmiquet,” AmUt Visud C^mmmmcstim 2w4«r, May-Jnne 1961, 

Sappkment 3. 1201 16th St., N.W., Waihiugtoo 6, D. C 

Roe, Ann, “The Etjrcholoflr of the Sdeatis^” Stkmtt VoL IM, No. 3477, Aujnit 18, 
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